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PREFACE

q

This study report for the Tug Program is submitted by the McDonnell Douglas

Astronautics Company (MDAC) to the Government in partial response to Contract

Number NASS-296TT.

The current results of this stu_ contract are reported in eight volumes:

Volume 1 --Summary, Program0ption 1

Volume 2 -- Summary, Program0ptlon 2

Volume 3-- Summary, Program0ptlon 3

These three summary volumes present the highlights of the comprehensive data

base cenerated by MDAC for evaluating each of the three program options. Zach

volume summarizes the applicable option configuration definltlon, Tug perform-

ance and capabilities, orbital and ground operations, programmatic and cost

considerations, and sensitivity studies. The material contained in these three

volumes is further summarized in the Data Dump Overview Briefing Manual.

Volume b -- Mission Accomplishment. (3 Books and i Supplement Bound

Together)

This volume contains mission accomplishment analysis for each of the three

program options and includes the tu_ system performance, mission capture, and

fleet size analysis.

Votume 5 -- Systems (3 Books)

This volume presents the indepth design, analysis, trade study, and sensitivity

technical data for each of the configuration options and each of the Tug systems

i.e., structures, thermal, avionics, and propulsion. Interface with the Shuttle

and Tug payloads for each of the three options is defined.
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Volume 6 -- Operations (3 Books)

This volume presents the results of orbital and ground operations trades and

optimization studies for each option in the form of operations descriptions,

time lines, support requirements (GSE, manpower, networks, etc. ), and resultant

costs.

Volume 7 -- Safety ( 3 Books)

This volume contains safety information and data for the Tug Program. Specific

safety design criteria applicable to each option are determined and potential

safety hazards common to all options are identified.

i ., . ,8 Programmatics and Cost (3 Books)Volume
i i , •

This volume contains summary material on Tug Program manufacture, fac£1ities,

vehicle test, schedules, cost, project management SR&T, and risk assessment for

each option studied.

These volumes contain the data required for the three options which were

selected by the Government for this part of the stu_ and are defined as:

A. Option 1 is a direct development program (I.O.C. : Dec 1979). It

emphasizes low DDT&E cost; the deployment requirement is 3500 pounds

into geosynchronous orbit, it does not have retrieval capability,

and it is designed for a 36-hour mission. MDAC has also prepared

data for an alternative to Option 1 which deviates from certa/n

requirements to achieve the lowest practicable DDT&E cost.

Be Option 2 is also a direct development program (I.O.C. : 1983). It

emphasizes total program cost effectiveness in addition to low DDT&E

cost. The deployment requirement is 3500 pounds minimum into geosyn-

chronous orbit and 3500 pounds minimum retrieval from geosynohronous

orbit.

Q

_o Option 3 is a phased development program (I.O.C. : 1979 phased to

1.0. ". 1083). It emphasizes minimum initial DDT&E cost and low total

program cost. The initial _Tug capability will deploy a minimum of

P
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3500 ,pounds into geosynchronous orbit without retrieval capability,

however, through phased development, it will acquire the added

capability to retrieve 2200 pounds from geosynchronous orbit. The

impact Of increasing the retrieval capability to 3500 pounds is

also provided.
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9

INTRODUCTION AND SUMMARY

This report contains detail programmatics and cost data, sensitivities, and

trades analyses pertinent to the Space Tug (Cryogenic) Program Option 2. This

option, a direct developed Tugwith IOC in December 1982, provides greater

performance capability (retrieval of S500 ib from geosynchronous orbit and 6-day

mission duration) but also emphasizes low DDT&E cost with total program cost

effectiveness. The data presented are organized in accordance with the Government-

furnished outline. Data covering the programmatic areas of schedules, vehicle

testing, facilities, manufacturing, and attendant costs are presented. The cost,

data are reported in accordance with the basic requirements of Data Requirement

Document No. MF00BM, dated i May 1971, as modified by study guidelines received

from the Government in the course of the study. Additional data is given in the

areas of program management plans and risk assessment.

Results of the Option 2 analyses indicate that this version os the Tug can be

developed within the study groundrules for a total DIE&E cost of $298.8 million.

The peak annual funding requirement is $124 million occurring in Government fiscal

year 1982. Production phase cost for an operational fleet of 12 vehicles plus 5

auxiliary (kick) stages required to satisfy the flight schedule, including con-

tingency for expected reliability losses, totals $214.B million. First unit pro-

duction cost for this vehicle is $18.08 million. Total operations phase cost,

for a total of 225 flights, is $169.4 million, yielding an average cost per flight

of $0.76 million for the basic reusable Tug flight mode.

#

Special attention is called to Section 6.12, Cost Data Adjustments, in which the

basic cost model output data has been corrected at the summary level to offset an

error in the inputting of ground launch operations data to the cost model. This

error, which affects only the launch operations cost estimates and subsequent

total project summary costs, was found after the Option 2 cost run had been made

and time did not permit a complete recycle. It is believed that the basic data

present, d coupled with the cost adjustments reported in Section 6.12 will suffice

for t_is data dump.



Section i

SCHEDULES

This section presents schedules developed for the Tug Option 2 based on the .....

requirement for a nominal 10C December 31, 1983. The ATP for the DDT&E phase

was June I, 1979. The schedules were derived by iterative analysis of design and

development requirements for subsystems and the vehicle main stage, test and evalua-

tion requirements, manufacturing requirements and production rate considerations,

as well as operational flight schedule requirements and fleet size.

i.i SUMMARYSCHEDULE

The project summary schedule for Option 2 is shown in Figure i.i-i. It features

an ATP for the PhaseC/D design development in June 1979. Required supporting

research and technology for the vehicle design is assumed to have been initiated

approximately 2 years prior to project ATP. Design development, test and evaluation

(DI_T&E) requires 55 months up to the first operational launchandflight on

December 31, 1983. This first flight is used to place an operational payload in

orbit, having only secondary test objectives associated with monitoring critical

subsystem functions by means of added test instrumentation. Nodedicated flight

test is planned for this Tug option. Subsequent to the first flight, a total of

222 mission flights will have been flown through 1990. 177 flights are launched

from ETR and 45 from WTR.

Completion of Preliminary Design Review (PDR) is scheduled for October 1980 to

establish firm vehicle configurations. A Critical Design Review (CDR) will be

completed in August 1981 to assure that design requirements have been met.

The ground test program, described in detail in Section 2, will use subsystem

models for concept and design development and qualification. Qualification of

subsystems will Be complete in November 1982, 41 months after ATP. System level

test articles will be used in the ground test program for subsystem integration

and interface verification activities. Two Tug vehicles are required at IOC to

support the initial requirement of three flights in the first year of operation.

A total of 12 vehicles are produced over a period of four years. Included are

3 vehicles procured as contingency for expected reliability losses. Vehiclefare

stored at the launch facility and used as required to support the flight utiliza-

tion schedule (Reference Section 7).

Table i.i-i identifies symbols and acronyms used on the summary schedule.
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Table i,i-i

0

d

SPACE TUG PROJECT SCHEDULES LEGEND:

IIIIllllllll

-

A -

Z_ -

ATP -

DF

DTU -

IATU -

IVU -

PTV -

FO

LO

STV .-

INCR -

INCREMENT I ACTIVITY

INCREMENT II ACTIVITY

OPERATIONAL LAUNCH

MILESTONE EVENT

SHIPMENT AND DELIVERY

AUTHORITY TO PROCEED

DEVELOPMENT FIXTURE

DYNAMICS TEST UNIT

INTEGRATED AVIONICS TEST UNIT

INTERFACE VERIFICATION UNIT

PROPULSION TEST VEHICLE

FLIGHT OPERATIONS

LAUNCH OPERATIONS

STRUCTURE TEST VEHICLE

INCREMENT



A logic network for Option 2 is provided in Figure 1.1-2 supplementing the

project s_T_ary schedule. This summary network was developed in consonance

with the work breakdown structure, the project Summary schedule and required

flight schedules. It contains a sufficient number of major milestones and

key events to insure satisfactory accounting of pro&ram requirements, inter-

relating activities and limiting constraints. The level of detail is governed

by the need to account for the key events and identify critical actions or

decision points. Event orientation and constrain_ lines indicate project

feasiblity and timely execution.

Depicted on the calendar-oriented network are design, development, test and

evaluation of the first flight vehicle, followed by delivery to the launch

.-ite, Tug/payload mating, Tug/Shuttle matiP_ and vehicle launch at IOC. Also

shown are the related events of procurement, ground support equipment, facilites

-ud tooling. Interface events locate delivery and/or receipt of major hardware

and software items critical to the project implementation. Vehicle deliveries

to storage at the launch site, site activations at ETR and WTR, vehicle turn-

around, and initial launch of each vehicle are indicated in relation to the

flight profile requirements and refurbishment activity.

1.2 DEVELOPMLq{T SCHEDULES

Development schedules are presented in two forms: an overall development schedule

interrelating the various project element and test/evaluation activities; and

detail subsyst,_m schedules.

1.2.1 DeveloF.ment Schedule

Figure 1.2-1 is the planned overall development schedule for Tug Option 2. It

reflects major engineering development tests, qualification tests, ground sup-

port equipment (GSE) development, and software development. Main engine and

auxiliary kick stage requirements are reflected in the project summary schedule,

Figure i.i-i. The scheduled activities reflect test planning requirements which

are de_crlbed in detail in Section 2.

i. 2.2 _sten Schedules

Figures 1.2-2 through 1.2-12 provide development schedules for critical subsys-

tems of the vehicle main stage. The schedules are developed primarily at Level 5

of the WBS axccot for er_tical avionics elements which are shown at Level 6.

I
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i. B PRODUCTION SCHEDULE

The prod_Lction schedule, Figure 1.3-1, reflects the vehicle manufacturing re-

quirements and rate of production to satisfy this Tug program option within the

project zummary schedule. This schedule has been prepared from data developed

in the m_ufacturing flow schedule, shown in Section 4. Data presented in

Section 4 amplifies the information presented here (see Section M.1).

i. 4 OPEP_TIONS SCHEDULE

This schedule, Figure 1.4-1, shows the activities required to initially activate

the launch site, prepare for the first vehicle launch, and prepare for the next

launch. Operations activities for both ETR and WTR are indicated as are the

vehicle deliveries required to support the Option 2 flight schedule. Detail

operations activities, timelines and schedules are provided in Volume 6, Book 2.

1.5 FACILITIES SCHEDULE

This schedule, Figure 1.5-1, shows major events and activities to activate factory

and launch site facilities necessary to support the Option 2 program. Data used

to estab3 ish these requirements is contained in the facilities description in

Section _.

1.6 EVALUATION 0FMAJOR SCHEDULEDRIVERS

The 55 mcnth DDT&Eprogram has been determined a reasonable schedule for Program

Option 2. Our analysis shows that successful accomplishment of the SR&T and

subsequent development and qualification of the Laser Radc_ is the major schedule

driver. In addition, to meet the fabrication and assembly of three development

test tan_ sets per the baseline schedule, Figure 1.l-l, the following activities

must be _ccomplished in atimely manner:

o _ocurement of tapered domes (spin formed domes).

o Irocurement of the chem mill facilities

o _rocurement of the aging oven.

o Activation of anodizing facilities.

o Tools for the L02 and LH 2 tank fabrication and assembly

o _rocurement of aluminum, titanium, carbon, and stock material.

T_e other _aJor _tems of the project, e.g., the facilities modification and

actuation at ETR anc WTR, and the development and integration of the GSE, are

considered parallel, non-constraining activities without being major schedule

drivers.
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1.7 IMPACT OF OPTION SENSITIVITIES

This subsection discusses the impact on project schedules by the three requested

sensitivity studies:

i. Programmatic sensitivity for a two-year earlier IOC (Dec. 31, 1981).

2. Programmatic and configuration requirements to provide 13-d_y

servicing mission ability for the option available at December 31, 1981.

This is for Tug ability only, no other special requirements for payloads.

For this case optimize the Tug for a 15-day mission, with ability to

meet the minimum performance

3. Sensitivity impacts of using ASE, Aerospike and RLI0 Cat IV engines.

@

i

1.7.1 Impact of 2 Year Earlier IOC

A two year earlier lOC for Program Option 2 also assumes an ATP of October 1975.

The major program impacts include:

o Extended DDT&E phase

o Extended operational flight program

o An increased fleet size

o An increased number of flights to perform

o An increase in quantity of auxiliary stages

o An impact of 2 years earlier ATP for the main engine contractor

Details of the cost impacts of this two year earlier IOC are contained in Section

8 of this book. Figure 1.7.1-1 presents the Program Summary Schedule for this

early IOC.

The schedule for Space Tug Option 2 - early IOC is based on a Phase C/D design

development and operations authority to proceed (ATP) in October 1975. Design

development, test and evaluation (DDT_E) requires 75 months and is complete at

the first Space Tug operational launch on December 31, 1981. Nine years of flight

operations are assumed beginning with the first operational launch and are complete

in 1990.

Completion of Space Tug Preliminary Design Review (PDR) is scheduled for

October 1977 to establish firm vehicle configurations. A critical Design Review

(CDR) will be completed in December 1978 to assure that design requirements have

been met.



The ground test program will use subsystem models for concept and design

development and design qualification. Qualification of subsystems will be

complete in February 1980, 52 months after ATP. System level test articles

wlll be used in the ground test program for subsystem integration and interface

verification activities. Two Space Tug vehicles are required at IOC to support

the initial requirement of 19 flights in the first year of operations. A total
of 14 vehicles are produced and delivered over a period of 4.11 years. Vehicles

are stored at the launch facility and used as required to support launch and

refurbishment operations.

Operational flights start at 10C, December31, 1981 and complete with the 296th
flight in 1990. Twohundred thirty six flights are launched from ETRand 60

• flights are launched from WTR. No dedicated flight test operations are required.

1.7.2 Impact to Provide a 15-Da_ Servicing Mission Ability

Our analysis indicates no effect on the overall vehicle schedule for Program

Option 2to provide the increased servicing mission ability. However, there

w_ll be an increase in the subsystem development and test activities which can

be absorbed. Details of the cost impacts are contained in Section•8 of this

book.

1.7.3 Impact of Using ASE Aerospike & RL10 Cat IV

The schedule impacts of using the higher performance engines is directly related

to the engine development time and the lead time required ahead of DDT&E phase

ATP. The specific impacts are:

o ASE engine, 54 month development time with ATP 17 months ahead of

program ATP

o Aerospike engine, 48 months development time with ATP ll months ahead

of program ATP

o RL10 Cat IV engine, 48 months development time with ATP ll months ahead

of prorram ATP

E_a_z : _'the cost impacts are contained in Section 8 of this book.
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1.8 COMPARISON OF DOD/NASA SCHEDULES

This section presents a comparison of the planned schedule for acquisition

of the Tug as a D0D program with that for NASA acquisition. The DOD acqui-

sition approach planned is in accordance with Air Force Systems Command

Pamphlet AFSCP 800-3. The NASA procurement follows the general guidelines

of NASA Handbook NHB 7121.h.

1.8.1 Basic Differences in Acquisition Approaches

The basic differences between the DOD and NASA system acquisition approaches

which have an impact or schedules and cost/funding are as follows:

Program Phasing

The DOD approach follows a distinctly sequential phasing of development and

production loading to the operational phase of a system. Each of the sequenced

phases (i.e., Conceptual, Validation, Full Scale Development, and Production)

is planned for orderly, progressive elimination of unknown and reduction in

project risk by the accomplishment of specific phase objectives oriented toward

successfully completing requirements and plans necessary to obtain approval of

the Defense Systems Acquisition Review Council (DSARC) to proceed with the next

planned phase. Delay in obtaining DSARC approval may cause serious schedule

difficulties for a project. The NASA approach, although recognizing the need

for some phasing to provide disciplined progress of a project, stresses the

need for flexibility and does not preclude the accomplishment of portions of

the project phases (such as DDT&E and Production) in a parallel, concurrent

fashion. Thus, the DDT&E and Production phases (Phase C/D) can be condensed

in overall time span.

Fly-Before-Buy

The DOD approach requires the successful demonstration and evaluation of the

system use in an operational environment prior to the DSARC Production

Decision Review.

0

O__erati._n_l Test and Evaluation

The DOD approach emphasizes the need for operational test and evaluation of the

syst_l beginning early in the project to avoid costly changes due to failure

to satisfy ali operational capability requirements and objectives and to assure

economic operations and logistics support for the system.

/-
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Funding

The DOD approach requires a full funding policy, i.e., funds for producing

the operational hardware must be authorized for the full buy (or reasonable

block buys) in the year preceding the start of production of the first unit.

NASA's policy is to fund all elements of the project by fiscal year increments.

1.8.2 DOD Option 2 Project Summary Schedules

Figure 1.8.2-I presents the MDAC planned project summary schedule for Option 2

procured in accordance with the D0D approach. The corresponding NASA schedule

for Option 2 is presented in Section 1.1 (Figure 1.l-l).

Key differences and the rationale for them are discussed in the following

sections.

@

1.8.2.1 Overall Schedule

The DODschedule requires 105 months from initiationof the Validation Phase,

which is included in the DDT&E activity, to IOC. From ATP of the Full Scale

Development Phase, which is based upon receiving the Ratification Decision

of the DSARC following satisfactory completion of the Validation Phase, it

takes 60 months to complete development of the Tug through flight test to

prepare for the DSARCProduction Decision. One month is allowed for the DSARC

review. Following the DSARC approval, it takes 20 months to produce, deliver

and prepare for operational use, a Tug fleet vehicle available at IOC.

By comparison, the NASA Option 2 program does not include the activities of

the Validation Phase within the Phase C/D activity and proceeds directly into

operations using the first vehicle off the production line to accomplish

operational payload deliveries. No dedicated flight test is flown on this

first vehicle. Subsequent vehicles follow directly at the planned production

rates. From ATP of the Phase C/D (which is comparable to the DOD Full Scale

Development plus DSARC review plus First Vehicle Production) to I0C takes

only 55 months compared to 81 months for the DOD program.

1.8.2.2 Validation Phase

The DOD DDT&E effort is assumed to begin with the Validation Phase leading up

to a DSARC review prior to start of the Full Scale Development Phase. In

addition to concept refinement in system engineering and design analyses,
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preparation of preliminary syste_a specifications and plans for the FSD phase,

two major activities are envisioned during the Validation phase to assure a

timely Ratification Decision at the DSARC review:

i. Critical subsystem testing, in the form of structural life cycle

tests, will be performed on the LO 2 and LH 2 tank assemblies to

provide early validation of the feasibility of their reuse and to

gain data on refurbishment characteristics associated with these

structural elements of the Tug.

2. Supporting Research and Technology required for Option 2 will be

accomplished. As shown in Figure 1.8.2-1, the start of the Validation

Phase would be required in April 1975. This date is predicated on

the SR&T required lead time, the FSD phase duration and the require-

ment to perform two Tug flight tests prior to the DSARC Production

Decision (May 1983).

1.8.2.3 Full Scale Development Phase

In this phase, the Tug design, development, test, and evaluation will be

accomplished leading up to DSARC Review for a Production Decision. The planned

test approach, discussed in Section _,is oriented toward early operational

testing with emphasis on Tug maintainability and procedural/software verification.

Two dedicated flight tests (no payload) are planned to be flown with one flight

test article prior to the DSARC Review.

Following DSARC Production Decision, it is planned to utilize the FSD phase

flight test vehicles to accomplish continued testing (Initial Operational

Testing and Evaluation) with 14 flight tests with selected operational payloads.

These flights, assumed to be charged to the DDT&E phase, will provide operational

evaluation of the ground launch operations, flight operations and maintenance

refurbishment cycles as well as provide usable operational payloads during the

time the first vehicle of the first production buy is being fabricated,

asse_:bled and checked out.

fhus, Lhere are no delays in the planned program and efficient use is made of

_he _nitial flight test vehicle.

1.8._._ P_oductlon, Deployment, and Operations Phase

Production of the first fleet buy begins with the DSARC Production Decision in



May 1982. It is anticipated that somelong lead subsystem procurement items,
such as the laser radar, may need prior authorization. The first production

vehicle (Vehicle No. 2) will be delivered to ETRin the latter part of 1983

and prepared for launch with the operational IOC planned for Decsmber31,

1983. The initial flight test vehicle will be refurbished and assigned to the
operational fleet. The total fleet size for Option 2 is 12 vehicles. For

the NASAprogram, the required fleet size reviews at 12 vehicles, however,

the NASAproduction is continuous, allows shorter schedules and is more cost
effective.

I. 9 PARALLELDEVELOPMENTS

Concurrent activities on the baseline schedule for Program Option i are shown

in the Project SummarySchedule, Figure 1.1-1. This conc_Arrentdevelopment and

test of the Vehicle Main Stage, the GSE, and facilities modification is considered
reasonable. Wehave also reviewed the subsystems and componentson Program

Option 2 for a parallel development to insure performance and schedule achieve-

ment, and identify the Laser Radar as the critical item requiring extensive
SR&T. Dependingupon the degree of success achieved, alternative rendezvous

and docking developments may prove cost effective. This decision would have to

be madeduring the SR&Tperiod to allow adequate lead time on the selected
alt mrnat ire.



Section 2

VEHICLE TEST PROGRAM

2.1 GROUND TEST ARTICLE8

Figure 2.1-1 identifies the test articles, tests associated with them and which

of these tests is conducted on Option 2.

W

Iv

2.1.1 Test Article Descriptions

2.1.1.1 Structural Test Article

The Structural Test Article is not tested as an assembled entity. Each major

element is subjected to those environments or test conditions peculiar to its

operational exposure. The Structural Test Article is comprised of the following

element s :

Quantity Hardware

3 LH 2 Tanks

3 LO 2 Tanks

1 Body Structure

1 Thrust Structure

1 set Support Elements

1 set Joint Elements

2.1.1.2 Development Fixture

The development fixture commences with the structural subsystem upon which wiring

and plumbing routing and equipment installations are developed. It can later be

upgraded with higher fidelity hardware and used for Maintenance (_, removal,

replacement, accessibility procedure verification and Maintainability (M) analyses.

2.1.1.3 PromulsionTest Vehicle

The propulsion test vehicle is not truly a vehicl- (TuK). It consists of the

tankage; Main Engine Support Assembly (MESA) plus a 0.2 equivalency for spares;

two main engines; a set of electrical and propulsion GSE, instrumentation, and

sufficient quantities of propellants and pressurant and pneumatic gases to support

the test. In addition, for demonstration of Tug/Orbiter interface capability,

a structures assembly, interface panel assembly, purge provisions assembly, and

an abort provisions assembly from the Orbiter Interface Subsystem will be

provided.
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Supplemental equipment for flight test use will be installed and qualified for

flight test and then removed. This equipment is the backup pressurization system

consisting of two _.5 ft 3 (0.127 m 3) ambient helium bottles and associated

plumbing and valves.

The propellant tanks will be fabricated and assembled on production tooling.

They will be the initial tanks so produced. They are therefore the tooling

"proof and complete" tanks. The major difference between these and "flight

weight" tanks is that no tapering or chemical milling of the material is

accomplished prior to assembly. These tanks are therefore heavier and stronger

than "flight weight" tanks. These "proof and complete" tanks are a necessary

"product" of the program but would not normally have further usage assigned

them. As tanka6e for the Propulsion Test Vehicle, their usage is cost effective,

relative to the non-procurement of special high pressure capability battleship

tanka6e or extra allocation of production tankage, and they are more

characteristic of Tu_ tanks. A block diagram of the PTV/GSE installation is

shown in Figure 2.1-2.

2.1.1.4 Thermal Protection Test

This test will be accomplished in the High Vacuum Test Facility (4557) at MSFC.

The test article is a scaled (105 in., 280cm) tank, in existin_ test status

&t MSFC. In addition, a set of Tug thermal protection material and required

quantities of liquid hydrogen and pressurant gas will also be provided.

2.1.1.5 Integrated Avionics Test Unit (IATU)

This unit consists of one Avionics subsystem plus a 0.2 equivalency for spares;

a set of interfacing hardware (sensors, valves) from appropriate subsystems_

a set of electronic ground support equipment and associated software_ and a

set of interface verification units from each of the associate contractors,

i.e., s_acecraft and orbiter. The test set up is desi=ned and conducted

so that access to installations is immediate, e.=., ecuinment is

mounted on walls or benches so that both surfaces are accessible. Trouble-

shooting and maintenance can be performed with minimum manhours and schedule

conflicts. An Lnportant aspect of layout and installation here is that impedance

match and electromagnetic compatibility be assured, or determined to be within.

specified limits by adhering to wire lengths and routing proximities dictated

by the flight configuration. It is highly desirable that components comprising

this unit should be new, Just as in a flight production Tug, with qualification

at the component level complete, Just as in a flight production Tug. The impor-

tance here is that the integration of the Avionics subsystem is under development

" 4
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and if not fUnctionally qualified here, such qualification would have to await

the first flight vehicle. Functional qualification on this unit then should not ...............

be hindered by failures induced by unqualified or used components. This is not

to say that hardware originating from categories other than fully qualified or new

or both cannot be used, but its functional integrity for the intended purpose

must be assured. Judicious selection can accomplish this if indeed any previously

tested components are available. Availability can be dependent upon program

policy relativeto disposition of test hardware, This policy could require all

test hardware, subsequent to completion of qualification testing, to be placed

in bond. A block diagram of the IATU is shown in Figure 2.1-3. The IATU uses the

factory se_ of GS_ _o develop procedures and software.

2.1.1.6 Flight Control Simulation

This test is a dynamic extension to the IATU. It will be accomplished in the On-

Line Subsystem Facility (OLSF) which is co-located with the IATU. Equipment under

test will be the guidance and navigation subassemblies (Option 3I) and

additionally the rendezvous and docking electronic, (Option 3F).

2.1.1.7 Flight Support Equipment

This is that Tu_ flight equipment which interfaces with the orbiter and remains

with the orbiter during Tug flight. It consists of the tilt table; two fluid/

electrical interface panels; an abort dump interface panel; and an electrical

interface panel. This equipment undergoes testing first without, then withjan

Interface Verification Unit representative of a Tug. This testing is not

required for Option 3F.

2.1.1.8 Flight Test Article

Prior to conducting flight tests, certain ground tests will be conducted using

this Tug. It is the first production Tug. The ground tests utilizing this

vehicle are the verification of checkout procedures at the manufacturing site;

the electromagnetic compatibility test at the manufacturing site; verification

of the transportation and handling procedures(_xcept Option 3F); verification

of checkout procedures at ETR; electromagnetic compatibility with the ETR launch

complex; EMC at WTR (first delivered Tug); verification of maintenance procedures

at the launch site; and maintainability testing and supporting analyses at the

launch site.



o

<

I-

J

LU
r_'3, . . ., .

G

_-7



2.2 FLIGHT TEST ARTICLE

The flight test article will be the first production Tug. Inherent in the

propulsion pressurization assembly is zero negative pressure suction head

(NPSH). One of the flight test objectives therefore is to verify engine

ignition at a low chamber pressure. To assure proper operation, a backup

pressurization system will be installed to be carried for the flight tests

only, This equipment will consists of two _.5 ft 3 (0.127 m 3) ambient helium

bottles and associated plumbing. In addition to operational instrumentation,

some flight test instrumentation will be carried. Flight test articles, other

than & complete Tug, are not required.

2-9
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2.3 GRO_D TEST PROGRAM

A development test program envelopes SR&T; development and qualification testing

of parts, components, subassemblies, and assemblies of subsystems; reliability

testing of selected items; repairability/maintainability testing of the smaller

items; development, qualification, maintenance, and maintainability testing of

major or vehicle level test articles; and flight testing of the completed CEI.

During the course of this Conceptual Phase study, planning emphasis has been

placed on that testing conducted on major test articles and flight tests.

That is not to say that testing at the lower levels of hardware has been

completely ignored, only that the level of planning depth is more shallow,

but sufficient to acquire costing information.

The acquisition of assurance of reusability of the cryogenic Space Tug through

equipment life, maintainability, and/or refurbishment, begins with design and

continues through component and vehicle level testing to mission operations.

The foundation of such a goal lies with intelligent design of components and

subsystems for high inherent reliability and long life. Accordingly,

every economically practical means of reducing to a functional minimum the

number of failures that might occur must be applied to the design effort.

In terms of reducing total maintenance hours to a minimum, it would

be ideal to achieve total elimination of failures. However, even if this were

functionally possible to accomplish, the cost of providing the capability of

trouble free service for the projected life of a Space Tug vehicle and proving

it to a high level of confidence would be prohibitive. The inevitable risk of

unforeseen operational accidents, the fact that it is not feasible to totally

eliminate failures, and shear economics indicate a need for supplementary

approaches and techniques Isuch as redundancy and failure-tolerant design. _°

Design for high reliability and Judiciously planned and implemented testin_ must

be used to insure the specific reusability and life of the Space Tug.

The most cost effective program combines four philosophies pertinent to design,

analyses and test.

1. Select existing hardware which is shown to have survived space flight;

reserach the history of that hardware to determine durations of missions

flown and the amount of testing accomplished to assure survival to (or beyond)

that duration; introduce red_dancy into designs which include that hardware;



utilize maintainability (M_) analyses to establish scheduled maintenance (4) .

procedures for removal and replacement; and conduct qualification tests at

higher levels of assembly, e.g., subassembly, assembly level, for Tug criteria.

An example is the propellant valves.

2. Design new subsystem hardware to survive an economically reasonable por-

tion of Tug life;conduct development and qualification tests to establish and

verify that survivability _ and from a maintainability (M) analysis, schedule

removal and refurbishment/replacement accordingly. Examples of this type of

component are the propellant disconnects.

S. Determine, through reliability analyses that component reliability meets

Tug requirements and that failures which may occur must be considered random

failures, i.e., the probability of a failure occurring on the first flight is

as great as the probability of a failure occurring on any subsequent flight;

introduce redundancy into designs which include that hardware, or accept the

risk of a random failure; remove and refurbish/replace as necessary in unscheduled

maintenance _). An example of this type of component is the computer in the

data management assembly, a redundant installation.

h. Determine that a component/subassembly/assembly/subsystem cannot be removed

and replaced through scheduled or unscheduled maintenance; design for survival

through Tug environmental criteria beyond expected life; conduct development

and qualification tests to assure survival beyond design requirements. _

example of this type of hardware is the structural subsystem.

Background acquired in aircraft development programs can prove most useful to

the Space Tug Program as the experience is closely related to Space Tug

development. As a basic and obvious point of comparison, aircraft are designed

to be operated and maintained over extensive operational lifetimes as is the

Space TUg.

From the standpoint of developing a Space Tug design for inclusion of maintenance

capability, it is significant to note that with each new generation of aircraft,

maintainability has been more thoroughly considered as an integral part of

overall system design. A related vital fact is that maintenance accounts for

approximately 28 percent of the direct operating costs. This substantial cost

for maintenance results in a continuing challenge to aircraft operating a_encies

4.
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tO minimize total maintenance hours while maximizing aircraft utilization.

The operational problems are quite similar to those of the Space Tug. The

broad approaches to improving this area of aircraft operations are therefore

quite applicable to the Space Tug Program.

The majority of the components intended to comprise this configuration either

have been developed for use in previously produced space vehicles, are standard

components qualified for space vehicle applications or will require little

modification to meet Space Tug specifications. For those components requiring

new or further development, or requalification, an economically feasible

population will be selected for the appropriate type of testing. Further, the

level of hardware assembly at which verification of a given item can be adequately

achieved, i.e., component, subassembly, assembly, etc., will be evaluated. To

the maximum extent possible, qualification of hardware included in the design

will be achieved through means other thantesting, i.e., analysis, inspection,

demonstration, or simulation. Emphasiswill be placed on repairability within

each analysis or during testing.

Combination of design selection of high reliability/long life components and

parts, and the component verification approach outlined above should yield an

approximate i0 percent reduction of operational maintenance and refurbishment costs.

DDT&E costs will be higher due to testing and its associated population requirements

to provide reliability and life, however, this cost is non recurring and will

produce a reduction in recurring costs by lowering the incidence of both

scheduled and unscheduled maintenance and refurbishment.

2.3.1 Test Operations Descriptions

2.3.1.1 Structural Test Article

Tests are conducted in three categories, i.e., tankage, load carrying structure,

and Joint development.

Tankage -- Pressure Cycling (Development)

The first IX)2 and LH 2 tanks to be produced will be placed separately in the

hydrostatic test tank at _DAC, Huntington Beach. Internal pressure will be

increased to normal operating pressure, held for a nominal period of time,

then relieved. This cycle will be repeated until crack propagation is in

evidence or until a quantity of cycles equal to 300 percent of the quantity

W



expected throughout the Tug's projected life whichever occurs first. In the

event the former occurs flrst, the propagation will be investigated and further

procedure assessed. If the latter occurs first, internal pressure rill then be

increased incrementally to burst, establishing a burst point under fatigue

conditions.

Tankage -- Burst Pressure (Development )

The second set of tanks will be placed in the same hydrostatic test tank and

the internal pressure increased incrementally to burst, establishing a fresh

tank burst point.

Tankage -- Pressure 6_cle Plus Proof Pressure (Qualification)

With information from the development tests available for design consideration,

the third set of tanks will then be subjected to 150 percent of the projected

life cycle quantity with the internal pressure then:increased to proof pressure,

held for a sufficient length of time to establish leak integrity, then relieved.

In the event development test results indicate that design and production methods

meet specification requirements this test may not be required.

Load Carryin_ Structure

These are the thrust structure forward support fitting, yaw fitting, and the

Body Structure. Under static conditions, these items will be subjected to

axial, shear, and bending loads.

Joint Develonment

This effort consists of applying compression, bending, and shear loads to the

sandwich construction Joint (shell to inner tank) and to the titanium tube-to-

tank Joint.

2.3.1.2 Development Fixture

The development fixture commences with the structural subsystem upon which wiring

and plumbing routing and equipment installations are developed. It can later be

upgraded with higher fidelity hardware and used for Maintenance (_), removal,

replacement, accessibility procedure verification, and Maintainability (M)

Analyses.

lm
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Maintenance Procedure Verification

Maintenance procedures are developed after the definition of maintenance require-

ments through maintainability and maintenance analyses. The verification of

these procedures on the engineering development fixture provides an initial

opportunity to determine their validity in a semi-realistic environment. The

test objectives include the verification of:

o Satisfactory accessibility

o Ease of LRU replacement

o LRU handling capability

o Potential safety hazards

o Identification of proper tools

o Maintenance_anhours

o Manpower requirements

B
This is first conducted as a contractor DT_E function and subsequently by the

customer as an IOT_E effort.

Maintainability Evaluation

The maintainability program is dedicated to the achievement of a design that

is (i) testable to maximize verification that the subsystems are unfailed and

to identify what is failed or degraded, (2) repairable at s level to minimize

field station equipment, time, and skills, and (3) economical with regard to

refurbishment of structure and failed or wear out items. Most of the effort

to achieve these objectives is encompassed in the M analysis, conducted in

support of and concurrent withdesign development.

w

m

The M analysis provides evaluation for each item of equipment, determining its

mission required preventive (scheduled) maintenance requirements and corrective

maintenance methods, and selectively recommending design corrective action as

required to achieve operational objectives. As each design area achieves

proper M design quality, the maintenance tasks will be documented. This will

show repair policy for each item, predicted frequency, and predicted task time.

Figure 2.3-i, _ (Maintenance and Repair Method Analysis) Prediction Data

Flow shows this process. The initial predictions are available at PDR. The

process is iterative and the _ data used for system predictions are improved

and verified by later data as available. The MARIA data update process is

sumnarized in the annotated Figure 2.3-2, M_ADetail Task Prediction Process.

This shows the operations which provide the opportunities to observe and collect

the required partial task time data.
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The key to the MDAC maintainability test program is use of maximum routinely

available data to verify the predictions made in analyses and t_us minimize "

costs of tests. The analysis identifies all repairable/replaceable items and

risk or frequency of occurrence. The collected data on a number of tasks or

task elements verify the accuracy of these individual predictions and demon-

strate the actual access and replaceability of components when drawing analysis

and visual study are inconclusive. Thus, the integrated avionics test unit

(IATU) together with the development fixture (DF),flight test article (FTA),

and propulsion test vehicle (PTV) will provide early opportunities to determine

actual functional test and fault isolation times. Thcse elements of the total

repair time are combined with untested tasks (i.e., replace-time predictions)

to update the repair-time prediction. The verification data are collected and

analyzed by _M engineers without introducing mechanic work tasks.

The tests on the development fixture will determine critical access problems

early enough to incorporate required changes in the design prior to critical

design review. These tasks will be conducted by mechanic personnel to verify

access with some indication of remove/replace task time. The actual owerations

of acceptance test, checkout, and repair of failures for IATU, FTA, PTV, and

production flight articles will provide an update of frequency and maintenance

time. These data and those available from maintenance procedure verification

on FTA , development fixture, or PTV will be collected by observation and

analysis of actual operations rather than by scheduled M_ demonstrations.

The measure of _._actual performance is provided by the system predictions

utilizing approved models and detail task time data verified by and updated

to incorporate the observed data from system tests and operations. The pre-

dictions will reflect maintenance tasks conducted according to formal procedures

and the best prediction of frequency. The M predictions will identify critical

tasks to achieve system operational status, down times for unscheduled maintenance

during Tug turnaround, and recommended spares levels for each critical subsystem

item for field station stocks. These data are integrated with the logistics

studies of scheduled maintenance, servicing, and pipeline handling of repair-

ables to form the total viable maintenance and refurbishment plan.

Iv
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2.3.1.3 Propulsion Test Vehicle

The Propulsion Test Vehicle is not truly a vehicle, i.e., a Space Tug. The

testing is concerned with the development and functional qualification of the

main engine support assembly and associated interfaces only. The components

which comprise the assembly either will have been developed and qualified on

previous programs or will be developed and qualified on this program.

t

Leak checks using gaseous helium will be accomplished within each of the

component areas, i.e., propellant feed, vent, fill and drain, pressurization,

and pneumatics. Correct electronic functioning of the appropriate components

will be accomplished, i.e., propellant utilization, propellant orientation,

feed line thermal conditioning, thrust vector control (mechanical actuation

also), and correct operation of all valves (electrical, pneumatic, and

electro-pneumatic).

a

Propellants and gases are introduced to the test setup, chilldown procedures

and operations are verified and flowing of propellants is accomplished without

engine ignition. When proper operation of the total main engine support assembly

is in evidence, the engine is ignited. Several test runs are made to gain

assurance that all components and interfaces are functioning within specified

limits. Full duration and shutdown and restart runs are accomplished followed

by mission simulations.

The test will be performed in Test Cell (J4) AEDC, Tullahoma, Tennessee. This

facility has altitude capability during both firing and hold and sufficient

propellant and gas storage capability.

Ground support equipment and softwarerequirements are identified in the PTV @SE

Description Sheets, Table 2.3-1.

J_tntainabilit_ Evaluation - PTV

The maintainability program to be conducted on the propulsion test vehicle

is described in the description of the maintainability progrsm forthe

engineering development test fixture, 2.3.1.2.



PTV GSE DESCRIPTION SHEET

WBS 32A-07-01

NJtME: , TUG TEST CELL HOLD_ G .FIXTURE E0.UIE.IF_IT IlO.

F_ICTIO:_AL RE_UIR_I_T (S):

_Idlng fixture to mount Tug in the Jh test cell at AEDC.

309
i .

, m . . .- , .

_4UI_4ENT DESCRIPTION:

Tubular steel holding fixture that adapt to Tug and test cell.

COST FiR UIIIT:

EQUI/_.'EI:T CATEGORY:

$ 8,750

$ 6,ooo

NEW MODIFIED

IST YEAR REQ' D

EqUII';IEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

Nt_.IBER

AS IS

NU_ ,_ AVAILABLE

LOCATIO:;

REQUIRED

,m

TOTAL REQUIEED TOTAL COST $ Ib ,750

\
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l_t_,_: AEDC

PTV GSE DESCRIPTION SHEET

WBS 32A-07-01 /"

I/_I'ERFACEJI_,_CTION BOX EQUII%I_!T H0. 310
, | ,,

T--tru_entation Junction box requiredto interface vith Jh test cell at AEDC.

r ,, , | , |

_UIR'.ENT D_CRIPTION:

#.unction box vith 500 tvisted shielded vire and 60 connectors.

COST PER UI:IT: $ 12,500

$ 16,000

EqUIE._ENT CATEGORY:

NEW

IST YEAR REQ' D

MODIFIED

NU_ER AVAILABLE

AS IS

EQUIP;._I_T UTILIZATION:

FUNCTIONAL

FLO_I BLOCK

RI_4BER

°-

o

TOTAL REQUIRED TOTAL COST $



PTV GSE DESCRIPTION SHEET

WBS 32A-07-01

NAME: TEST SOFTWARE COM2UTER PROGRAMS
, t , , , ,

E_.UIE.t_!T NO. 311

FUNCTIO._5%L RE'_.UIR_,'E!.T(S }:

Test, softvare to control the propulsion test vehicle test,in_ in J_ test, eel1

at AEDC.

EQUIPMENT DESCRIPTI0";:

Magnetic tape or disk. listing, and test procedure.

/

(See attachment. )

COST F_ UNIT: $ 20,760 (NON-REu_JRRING)

(RECURRING/YEJ_)

E{_UIPMENT CATEGORY :

NEW X MODIFIED AS IS

IST YEAR REQ'D RIB_ER_AVAIIABLE

EQUIP;4EZ_ UTILIZATION:

I_NCTI O.',:AL

FLOW BLOCK

Rin.faER

LOCATION

REO.UIRED

.AEDC J_ Test Cell 1

, ,] , ,

m ,• ,,

I

.o

4

TOTAL COST $
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Table 2.3-1 (Cont.)

TEST SOFTWARE REQUIRE_,_2S (A_)C) J_ TEST CELL

Ao Define instrumentation requirements

1. Assign data channels and speeds for analog data.

2. Assign discrete channels.

S. Determine data recordin_ requirements (tape recording, strip chart,

and real time reduction via Raytheon 520 and I_M 360/50 computers).

_. Determine console real ti-e data display requirements.

5. Determine checkout computer (i_4 360/44 data input requirements

for real time test control and monitoring)

B. Define control parameters

i. Assign control functions for manual control panels in J4 test cell.

R. Assign checkout computer control functions (relay cl_sures and

logic level).

C. Define calbiration data

i. Determine calibration for facility instrumentation (use trend

data from other test programs).

2. Determine calibration for the test peculiar parameters.

It is assumed that AEDC J_ test cell provides channel assignments list, calibra-

tion data, signal routing requir_enzs from existin_ support software programs,

MDAC will have to provide inputs to these programs through Interface Control

Documents (ICD).

q

ENGI_TE FIRING TEST

Develop a checkout/control program to perform the static firing test.

The following tasks are to be performed.

a. Automatic facility monitoring and control

b. Chilldown and prepare engine for ignition

@. Fire the engine and monitor critical parameters for possible abort

d. Initiate cutoff and sequence the engine

e. Secure the facility

f. Provide emergency shutdown sequences



Table 2.3-1 (Cont.)

This program is sized at 16,000 words which include limited real-time documenta-

tion via the line printer.

The assumption for both these programs is that the IBM 360/4h is programmed

using a high-level test language which is capable if real-time decisions

operation. It is also assumed the necessarj cinpilers, assemblers and validation

software necessary for the test program is available at AEDC.

2
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2.3,1.4 Integrated Avionics Test Unit

This test develops and verifies the electronics operations of the Space Tug.

It is the first assembly of all avionics equil_nent from all the subsystems.

Electrical and electromagnetic compatibility are developed and verified to be

vlthin specification. Line lengths are identical to Tu_ installed lengths to

insure against impedance mismatch. Compatible integration with the GSE is

assured and checkout and mission software is developed. Integration and

compatibility with each of the major interfaces (spacecraft and orbiter)

are verified through the use of Interface Verification Units (IVU) supplied

by the appropriate associate contractors. Operation of the telemetry system

is developed and verified including interfaces with the control transducers.

Verification of redundancy management is accomplished and fault isolation

methods are developed.

Maintainability Evaluation - IATU

The maintainability program to be conducted on the Integrated Avionics Test

Unit is described in the description Of the maintainability program for the

engineering development fixture, 2.3.1.2.

2.3.1.5 Flight Control Simulation

This test is a_sociatedvith the Integrated Avionics Test Unit (IATU). At MDAC,

Huntington Beach, the selected facility is the On-Line Subsystem Facility (OLSF)

and is co-located with the IATU. By providing the appropriate simulations

(computer, optical, etc.), navigation, guidance, command, rendezvous and docking

capability is verified. Communication is maintained with the IATU affording

integration and compatibility verification with the remainder of the Avionics

subsystem.

2.3.1.6 Thermal Protection Test

This test will be conducted in the High Vacutgn Test Facility (2557) at _FC. An

existing _FC test tank will be shipped to _DAC for test preparation and installa-

tion of thermal protection insulation and instrumentation. The tank is

subsequently returned to _FC for test performance.

Teat results plus supporting analyses will provide verification of predicted:



1. In space thermal performance

a. Total energy input

b. Portion of total due to major heat shorts

e. Portion of total due to insulation

2. Purge system performance

a. Purge time required

b. Adequacy of distribution system

3. Evacuation system performance

a, Bag pressure history

b. Valve operation verification

e. Structural integrity of the bag
;

_. Repressur!zation system performance

a. Pressure controller evaluation

b. Valve operation verification

c. Structural integrity of the bag

5. Abort capability

a. Liquefaction and freezing on bag

b. Energy input during reentry with cold tank

6. Ground storage effectiveness

a. iWater vapor history in ba_

b- Bag leakage (helium usage rate)

Determine also :

I. Liquefaction of nitrogen on bag during ground hold

2. Liquefaction of oxygen on bag during reentry

3. Tank heating procedures prior to reentry.

2.3.1.7 Flight Support Equipment (FSE)

This equipment will be tested in two modes to allow for capability buildup. The

test conditions will be similar but will be applied first without the use of the

interface verification unit (IVU) then with the IVU installed.

Without the IVU

This test is conducted in a Mechanical Test Laboratory. The objective is to

develop the subsystem and verify that the equipment will accomplish the egress-

ingress maneuver satisfactorily subsequent to exposure to Orbiter flight induced

environments. The interfacing equipment will be stressed simulating acceleration,

M
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vibration, bending, and torsion loads associated with ascent flight. When these

loads have been terminated, the interface panels will be comnanded to separate

followed by the co-,,and for Tug release and tilt table actuation. The reverse

process will then be accomplished with loads associated with descent flight and

landing being imposed upon the equipment. This procedure will be repeated

through a sufficient number of cycles to assure that the systen is operable

within the given conditions.

With the IVU

The IVU will be so constructed as to be able to simulete Tug/Spacecraft con-

figurations of various c.g. 's and MOI' s. The conditions of the former test

will be repeated through a sufficient number of cycles and Tug/Spacecraft

configurations, accompanied with appropriate scheduled and unscheduled

maintenance, and removals and replacements, to qualify the system to its

specification requirements of performance and reuse.

In both tests, i.e., "with" and "without the IVU", special test equipment

viii be employed to effect zero-g mass balancing of the hardware under test

since it is designed for zero-g application.

2.3.1.8 Interface Verification Units

IVUs are fabricated from either commercial, substitute, or the actual designed

and produced flight-weight Tug hardware. The one non-waiverable requirement

being that the unit operate and/or respond exactly as the Tug would at the

interface under test. The amount of hardware required is dependent upon how

much physically and functionally is required upstream from the interface

under test. The interfaces being addressed here are those between associate

contractor hardware, i.e., Tug/Spacecraft, and Tug/Orbiter.

Tug/Spacecraft N Deplo_ment/Retrieval Capability

These IVUs include capability for accomplishing rendezvous, docking, deployment,

spinup, despin, retrieval, checkout, and _oth hardwire and RF communication with

the spacecraft. Consists of spacecraft attachment/release, spinup/despin

mechanisms, connectors, antennas, laser-radar.

These units are manufactured by the Tug contractor to his CEI specifications in

accordance with ICDs and IFSs placed upon both contracts as a result of agreements



between the two contractors and the customer. They are shipped to the spacecraft

contractors for their use in developing, qusiif_ing, and checking out their side

of the interface. A like unit is shipped to the Tug contractor for hisuse in

the same activities.

T_/Orbiter

This unit has the external appearance of a Space Tug. Exterior material c_uses
i

no impact damage to orbiter or manipulator arms. The IVU includes mass charac-

teristics of flight weight Tug. Interfaces are production hardware, i.e., tilt

table connections, fluid-electrical interface panel, m_nipulator contact points,

latches.

This unit is for developing, qualif_ing, and checkin_out the inter_aces between

the Tug and the Orbiter pertinent to the egress/ingress maneuver. Since the

development of these interfaces are as important to the Orbiter contractor as

to the_ contractor, the manufacturing and testing costs of the unit maybe

shared. In this regard, and due to its estimated cost ($50,000), only one unit

will probably be constructed betveen the two contractors. Either an Orbiter

Mockup or an operational Orbiter may be used for the test. Gravity compensation

will be required in the test setup. The objective is to assure operational

integrity of all interfaces, i.e., latches, disconnects, tilt, maneuvering

arms grip/degr_p, egress maneuver, ingress maneuver, etc. Importance of the

test is emphasized by the facts that when the maneuver is performed with a live

Tug, both the Tug and the Orbiter are fueled; the Orbiter is manned; if the T_g

can't be recovered, this expensive vehicle must be left on-orbit; and, if the

first time the maneuver is performed is deferred to the first live Tug flight

only to find a fault, particularly part way through the maneuver, the Orbiter

cannot accomplish atmospheric reentry aerodyn_nic_ly unclean.

W



2.3.1.9 Electromagnetic Compatibility -- Manufacturing Site

An _C integrated subsystems test (IST) will be performed on the first flight

vehicle. The EMC IST will fulfill the requirements of MIL-E-6051C for an

IZlectrlcal-ElectrOni@ Compatibility (EEC) test.

@

B

m

The EEC test will:

1. Verify a 6 db safety margin on all signal and control lines

determined mission-critical.

_. Verify a 6 db safety margin on circuits vhtch analysis indicates

a_ be potential problems.

S. Verify operation within design tolerances of all subsystems vhen

operated as a system.

_. Verify transient levels on dc pover buses at the input to

uelected transistorized equipment do not exceed +50 percent of

nominal bus voltage.

5. Record Tug power buses to determine amplitudes of an_ extraneous

voltages.

6. Satisfy the receiver antenna conducted interference test require-

ments of MIL-E-6051C for Tug on-board equipment.

q_e EEC test will follow post manufacturing acceptance for test of the vehicle.

Tug test data obtained from the special _.tC test instrumentation will be

e,r_luated with the entire system performance data (telemetry, stripchart

Feeordings, digital events recorder, etc. ) to determine that systems are

wAthin their design and performance tolerances and that MIL-E-6051C required

_._gin of safety is provided.

2.S.1.10 Transportation and Handling Verification

Transporation and handling procedures are developed after the definition of

requirements through transportability and transportation analyses. The

verification of these procedures affords an early opportunity to determine

the validity of these procedures for all phases of Space Tug movement required

at the assembly, test, and launch sites. The test objectives include, as

a minimum, the following:

2-27



0 Load/unload Tug on transporter

0 Load/unload Tug on Guppy type 8/rcraft

o Transfer fr_ one transportation vehicle to another

o Identify, through monitoring and recording instrumentation,

ground and in-transit loads and stresses.

_£8 is fLrst conducted as a contractor DT&E function and subsequently by the

customer as an OT&E effort,

e

2.3.1.11 Electr_nagnetic Compatibility -- Launch Sites

These tests are not a complete repeat of the manufacturing site EMC test. The

objective here is to verif_ the on-site procedures and radiated systems (vehicle/

other vehicles/site) compatibility during open loop operation.

2.3.1.12 Refurbishment/Reuse Verification-- Launch Site

Lmm@h site maintenance procedures evolve fTom those verified on the engineering

development fixture. They are developed and verified by performing the initial

e_propriate ground operations an the first flight article. Subsequent to this

_&g verification, the procedures are then evaluated by customer personnel

performing selected maintenance tasks on the flight test article effecting an

OTLE verification. These tests demonstrate the Tug's maintainability charac-

teristics and demonstrate that the required maintenance�refurbishment tasks

@an be satisfactorily performed by customer personnel using the contractor

developed procedures. Furthermore, these tasks must be performed within the

msintenance down times and resources allocated for these tasks.

Lmanch site transportation and hand//ng procedures will be verified in both

IELE and OT&E through use of the flight test article. The validity of these

pTocedures will be determined for all launch site movement of the Space Tug,

Dot previously verified and will include, as a minimum, the £ollo_ng:

o Mate/demate vtth simulated/dummy spacecraft

@ Mate/demate vith flight support equipment,

o Load/unload Tug in Space Shuttle Orbiter.

8

07

w



i"

t

m

2.3.1.13 Maintainability Evaluation -- FltEht Test Article -- Launch Sites

The msAntLtnability program to be conducted on the Flight Test Article is

described in the description of the maintainability proKrmn for the

e_KineerinK development fixture, 2.3.1.2,

2.3.2 Test O_eration Manloadin_ Est4mations

Manloading estimations employed the fo_oving steps:

a. Determine the major elements required to conduct the specific

test.

b. Schedule these elements relative to each othez.

@. Determine the quantities and types of key direct personnel

required to acc_mplish each element.

d. Complete the arithmetics.

S@hedules and respective personnel estimates are presented on the fo_owing

psKes for each of the tests within _S element S2A-08-0I.

q_
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Personnel

STRU_ TEST ARTICLE

PROPE_ TANES PRESSURE CYCLE DEVELOPM_'_ TESTS

Man- T_.e
Months Months Personnel

Cumulative

Personnel

¥

Test Management

1Manager

Teat Requirements and

Planning

1Analyst
2 Test Engineers

Test Article Preparation

2 Test Engineers
1 Instrumentatibn

Technician
1 Structural Test

Technician

1Q.C.

Test Fixture Design

2 Engineers

.Test Setup

2 Test Engineers
2 Instrumentation

Technicians

b Structural Test
Technicians

I Q.C.

Test Performance

2 Test Engineers

3 Structural Test
Technicians

2 q.c.

Tear Dovn

2 Instrumentation
Technicians

2 Structural Test
Technicians

i q.C.

T-5 7.5 1Engineer

3 . 9

1 5+

1 2

1 9

0.75

3.5

3.T5

3 Engineers

2 Engineers
2 Technicians

IQ.C.

2 Engineers

2 EnFineers
6 Technicians

1 Q.C.

2 Engineers

3 Technicians

2 Q.C,

M Technicians

i q.c.

1E_gineer

Engineers

b Enfineers
2 Technicians

1 q.c.

6 Engineers

6 Engineers
6 Technicians

1 @.C.

6 Engineers

6 Technicians

2 Q.C.

6 Engineers
6 Technicians

2 q.c.



Personnel

Data Reduction and

_sis

1 Analyst
2 Engineers

Report Preparation

2 Engineers

TOTAL .v_J_-MONTHS:

STRUCTURAL TL_T ARTICLE (Cont 'd)

TASKS CYCLE DEV

Man- Type
Months Months Personnel

2 6 3 Engineers

1 2 2 Engineers

hT.T5

Cumulative
Personnel

6 Engineers
6 Technicians

2 Q.C.

6 Engineers
6 Technicians

2 q.c.

I
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STRUCTURAL TEST ARTICLE

PROPELL_T T_/_ES PRESSURE BURST DEVELOPM_WT TESTS

Personnel
Man- Type

Months Months Personnel

Test Manage=ent 5-9 5.9 1En6ineer

i Manager

Test Requirements and

Planning

1 Analyst
2 Test Engineers

3 - 9 3 Engineers
O(_ASA) 0(NASA) 0 (NASA - in

Dev c_cle Ping)

Test Article Preparation

2 Test Engineers
1 Instrumentation

Technician

I Structural Test

Technician

I q.c.

.Test Fixture Design

2 Engineers

i 5

.

/o

o .

0

2 Engineers
2Technlcians

1 q.c.

0 (Designed for
Cycle Test)

Test Setup

2 Test Engineers
2 Instrumentation

Technicians

Structural Test

Technicians

1 Q.c.

0.5 J,.5 2 EnFineers
6 Technicians

i Q.c.

Test Performance

2 Test Engineers
3 Structural Test

Technicians

2 Q.C.

Tear Down

2 Instrumentation

Technicians

2 Structural Test

Technicians

I q.C.

0._

. . ".

• o.75
t

2.8

3.75

2 Engineers

3 Technicians

2q.C.

b Technicians

i q.C.

Cumulative

Personnel

1 Engineer

Engineers

1 (NASA)

M Engineers (3 NASA)
2 Technicians

1 Q.c.

h Engineers (3 :TA__)
2 Technicians

lq.C.

Engineers (3 NASA)

5 Technicians
1 q.C.

Engineers (3 ":ASA)

5 Technicians

2 Q.C. • +

Engineers (3 ilASA)
Technicians

2 q.c.



qb

Personnel

Data Reduction and

Analysis

X _sl_st
Engineers

Repor_ Preparation

w

2 Engineers

TOTAL t_N-MONTHS:

muc_e_ T_: ._TICLE (co.t' d)

TANKS BURST DEV

Men-

Months Months

1 3

T_pe
Personnel

3 Engineers

m

1 2 2 Engt.neers

35.95

_6.95 (n_A)

Cmzulat ive

Personnel

Engineers
5 Technicians

2 Q.C.

_En_neers

5 Technicians
2 q.C.

q_

f
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STRUCTURAL TEST ARTICLE

PROPELLANT TANKS PRESSURE CYCLE/PR00F QUALIFICATIOI! TESTS

Personnel

Man- Type

MOnths Months Personnel

Cumulative

Personnel

Test Management k k 1Engineer 1 Engineer

1 Manager

Test Requirements and

Planning

0 0 0 (in Ve_ or

_rst PlnS)
1 Engineer

1 Analyst

2 Test Engineers

Test

2

1

1

1

Test

2

Article Preparation

Test Engineers
Inst r=uentation

Technician

Structural Test

Technician

Q.C.

Fixture Design

Engineers " "°. -.

1 5

!

0 0

2 Engineers
2 Technicians

1 q.C.

0 (Designed for

Cycle Test)

3Engineers
2 Technicians

1 Q.C.

3 Engineers
2 Technicians

i q.C.

Test

2

2

b

1

Test

Setup

Test Engineers
Instrumentation

Technicians

Structural Test

Technicians

Q.C.

Performance

2 Test Engineers

2

Tear

2

2

3 Structural Test
Technicians

q.C.

1

Down

Instrumentation

Technicians
Structural Test

Technicians

q.0.

0.5 _.5

0.5 3._5

0,T5 3-75

2 EnFtneers
6 Technicians

1 q.C.

2 Engineers

3 Technicians

2 q.c.

h Technicians

l q.c.

3 Engineers
5 Technicians

Z Q.c.

3Engineers

5 Technicians
2 Q.C.

3Engineers

TechniciansQ.C.

2-3"7
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Personnel

Data Reduction and

k,_alysts

1 Analyst
2 Engineers

Report Preparation

2 Engineers

TOTAL MAN-MONTHS:

I

STRUCTURAL TL_T ARTICLE (toni 'd)

TANKS CYCLE/PROOF EJAL

Man- Type
Months

2

Months Personnel

6 3 Engineers

2 2 Engineers

Cmaulative
Personnel

EnKtneers

5 Technicians
20.C.

Engineers

5 Te_/micians
2 Q.C.

4D
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":-'__" °REFURBISHMENT/REUSE VERIFICATION

ENGINEERING DEVELOPMERT FIXTURE

MAINT_ANC_ _ PROCEDURES VERIFICATION

(PHASED II_ITIAL A_D DIRECT DEV_PED)

PERSONNEL

Test Mana6ement

_DFPHS MA_D_HS TYP E PERSO_ELo
I

8 8 i Engineer

..._ s_r_sion

Test Requirements

_a_P%ann±ng

--i- ]_ Engineer ---Avi-onics

I R Engineer - Propulsion

I _ Engineer - Struot/Mech

3 " 9 3 Engineers

Test Article Preparation 0 0

Test Fixture Design

Test Setup

: q

1 H Engineer - Propulsion
1 I Engineer - Struct/Mech

Test Performance

---1-_ Eng-ineer - Avionic s
1 _ Engineer - Propulsion

1 _Engineer - StructlMech

2 Technicians - Avionics

2 Technicians - Propulsion
2 Technicians - Struct/Meoh

.3 Quality Control

I Safety Engineer

Tear Down

0 0

1 3

2 "26

o 0

3Engineers

Engineers
6 Technicians

3 Q.c.

X_ta Reduction and 1

I-_ Engineer -- Avionics ...... "

1_Engineer - Propulsion
X_rEngineer - Struct/Mech

3 3 Engineers

PERSOI_EL-C_.4.

I Engineer

_Engineers

R_iDeers

Engineers
6 Technicians

3 Q.C.

Engineers
6 Technicians

3 q.c.

U



_Sm4_T/REUSE VERIFICATION ((DmT.)

_r
/-

.PE_,,OI_;EL

• Report Pre]?arat$on 1
4 -

"--1-_"E_ineer - .Avionics

1 _ Engineer - Propulsion
I 3[ E_t.aeer --StrucC/Hech

TYPE PERSON'fTEL
|l |

3 Engiueers

FERSO;_EL-C_,4.

5 Engineers
6 Technicians
3 Q.C.

52
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REFURBISHMENT/REUSE VERIFICATION

_GDrZESD_U D_VELOP:_NTFIXTURE

• MAINTAinABILITY (._)EVALUATION "

(PHASED INITIAL A_D DIRECT DEVELOPED)
e.

PERSOm_EL

Test Management

Test Requirements

m_l Planning

I M Engineer

Test Article Preparation

Test Fixture Design

Test Setup

• 5 _ Engineer

Test Performance

1 M Engineer

Tear Down

D_ta Reduction

and Analysis

.33 M Engineer

Report Preparation

M0_THS _U_:_HS TYPE PERSO_IEL

0 0

I 1 1 _i,_eer

0

0

2

0

0

1 .SEngineer

6 6 1Engineer

0

6

2

0

2

1

• 33 Engineer

.SEngineer

.SMEngineer

PERSOX_,_EL-C_4.

1E_ineer

• Engineer

1E_gineer

i Eugineer

1Eagtneer

_oT_ w _m_s: 11
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PBOPULSI_ TEST VEHICLE

(Phued Xn£ttal and Direct Developed)

,,Pe_onnel

Test Man_e_ent

1 Manager
0.5 Branch Manager

(Propellant Feed)
0.5 Branch Manager

(Fill & Drain)

0.5 Branch Manager
(Vent & Relief)

0.5 Branch Mana eer
(Pressurization)

0.5 Branch Manager
(Fne1:me, t ics/TVC )

Test Requirements and

Planning

5 Propulsion Enfflneers
(Feed, F&D, V&R,
Press., Pneu_/TVC)

0.5 Propulsion GSE Engr.
0.25 Electrical GSE Enter.

0.25 Instrumentation Rngr.

TeSt Article Preparation

1 Engineer _ Feed
2 Technicians I

I Engineer
F_D

2 Technicians I

0.5 Engineers I
1 Technician j V_q

1 Engineer
2 Technicians _ Press.

0.5 Engineers _ Pneu/TVC
1 Technician

2 Quality Control (Q.C.)

Test Fixture Design

2Engineers

Months

17

(Zg]

7

3

k

_pe
Months personnel,,

59 3.5 Engineers 3,SEnKtneers

_2 6Engineers 9.5 Engineers

(66 

h Ensineers
8_chnicisns

2R.C.

2 Eustneers8

13Engineers
8 Technicians

2 q.C.

15 Ee_Ineers
8 Technicians
2 q.C.

2
4b"



ZROPULSION TEST VEHICLE (_NT'D)

(Phued Initial and D£rect Developed)

Personnel

Test Setup

1 Engineer
3 Technlcians I LH2

1 Engineer

13 Technicians I L02
Engineer Press.

EngineersTeChniciansI Pneu/TVCTechnicians J GSE
3q.C.

Test Performance

h Engineers
(See Test Art;.

Prep. )
3 Engineers-Facility

15 Technicians

(See Test Setup)

1 Engineer _ Data
1 Technician i Acquisition
3Q.C.

Test Teardown

3Engineers
10 Technicians

I q.c.

Data Reduction and Analysis

5 Engineers
(Propulsion)

I Engineer
(Data Acquisition)

3En_ineeringA/ds

Report Preparation

Engineers

TOTAL MAN-MONTHS:

Monthn

3

&

COld Flow

'6)
(Fl(r )

1

2

I

Cold Flow

Man- Type
Months i Personnel

108

( 62)
, %

18

5

5 Engineers
1_ Technicians

3 q.C.

8 Engineers
16 Technicians

3Q,C.

3 Engineers
10 Technicians

1 q.C.

9 Engineers

Personnel-
Cumulative

15 Engineers
1_ Technicians

Q.C.

16 Engineers
16 Technicians

q.C.

16 Engineers
16 Technicians

_Q.c.

16Engineers
16 Technicians

q.C.

16 Engineers
16 Technicians

Q.C.

m
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FERSOiFL;EL

Test Management

Test Requirements

and Planning

• 5 M Engineer

Test Article Preparation

Test Fixture Design

Test Setup °

Test Performance m

Tear Down

Data Reduction

and Analysis

.2 M Engineer

Report Preparation

• 5 M Engineer

REFURBIS_D_X_,/REUSE VERIFICATION

PROPULSION TEST "_.HICLE

MAI_;TAINABILITY (,___)EVALUATION

0 O"

• 5 • 25 • 5 Engineer

0

0

0

0

°°0

5

0

0

0

0

0

1 • 2 Engineer

1 .5 •5 Engineer

PERSO:_.;EL-CL?_.

.SEngineer

•5 Er_ineer

.SEngineer

.TEr_ineer

1.2 Engineer

TOTAL _'{ MO';TI_: 1.75

mActs as observer only

11q
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INTEGRATED AVIONICS TEST t_IT

PERSOI_EL

Test Management

1.0 Manager
0. 5 Branch Manager

(Data _/mt Assy)

O. 5 Branch :._na_er
(Guid. ,Nay. & Cont. )

0.5 Branch :,!answer
(C_nnunic ations)

0.5 Branch I._na_er
(Instrumentation)

O. 5 Branch Manager
(Pwr & Distribution)

O.5 Branch Manager
(_E)

MDNTHS M_I_D:F_HS TYPE PERSONNEL

3_ 136 _ Engineers

Test Requirements and
Planning

1 DMA Engineer
1 C_|&C Engineer
1 Comm. Engineer
1 Instr. Engineer
1 Pwr & Dist. Engineer
1 GSE Engineer

8 56 7 Engineers

Test

2
2
3
1
2
1
1
12
1
7

Article Preparation

I24A Engineers
GN&C Engineers
Comm. Engineers
Instr. Engineer
Fur & Dist. Engineer
GSE Engineer
Propulsion Engineer
Electronic Technicians

Mechanical Technician

Quality Control (Q.C.)

6 192

Test Fixture Design

Engineers

Test Setup

3.5 Elect Engineers

0.5 Prop. Engineers
12 Elect. Technicians

3 Mech. Technicians

2 Q.C.

12 Engineers
13 Technicians
T o..c.

Engineers

h Engineers
15 Technicians

2Q.C.

PERSO!_EL-C_.

Engineers

11 Engineers

12 Engineers

13 Technicians

TQ.C.

16 Engineers
13 Technicians
7 q.c.

16 Engineers
15 Techn/ci arts

7 q.c.

2- 0

W
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IRTEGRATED AVI0_;ICS TEST t_IT

(Cont inued )

PERSOI_IEL

Test Performance

7 Elect. Engineers
9 Elect. Technicians
1 Mech. Technician

2q.c.

MONTHS H_Tt.._;_HS TYPE PERS0:;_IEL
i i ii

"15 285 7 Er_ineers
10 Technicians

2 Q.C.

Test TeardOwn

1.25 Elect Engineers
0.75 Prop. Engineers
6 Elect. Technicians
1 Mech. Technician

I q.c.

Data Reduction and

Analysis

11 Elect. Engineers
(See Test Art. Prep.)

h Engrg. Asses.

2 20

6 90

2 Ensineers
7 Technicians

1 Q.C.

15 E_ineers

Report Preparation

7 Engineers
(See Test Rqmts &Plng)

1 7 Y Engineers

16 Engineers
15 Technicians

7 R.c.

16 Engineer s
15 Technicians

T q.c.

16 Engineers
15 Technicians

TR.c.

16 Engineers
15 Technicians

T R.c.

TOTAL M_IMOIrl_IS: 886
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_FU_ZS_-T/F_SE "v_P/FZCATIO:_

INTEGRATED AVIONICS TEST UNIT

MAIHTAI_IASILITY (Z4)EVALUATION

(FSASED I_ITL_L _m DIP.ECTDEVZLOPED)

e

PER SO,'FJEL

Test Management

Test Requirements
and Planning

• 5 M Engineer

Test Article Preparation

Test Fixture Design

Test Setup m

Test Performahce °

Tear Down

Data Reduction and

Analysis

• 2 _MEngineer

Report Preparation

• 5 M Engineer

MONTHS

0

1

0

O

0

0

*'0

10

2

0

.$

0

0

0

0

0

2

1

TYPE PER$O:,fl;EL

• 5 Engineer

• 2 Engineer

• 5 Engineer

PEP_O'_EL-Ct_4.

.SEnsineer

.TEngineer

1.2Engineers

TOTAL MA_ M0,TEHS: 3.5

e

eActs as observer only
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FLIGHT CO:_0L SI:._JLATIO:;

(DeUloyment and Retrieval C&pability)

o

e

,.PERSO;I;IEL

Test Management

{in IATU)

HOI_THS _.iA_JZ.D;rrHS

Test Requlrements
and Planning

(in _._)

Test Article Preparation

(in IATU)

Test Fixture Design/
F&c41ity Preparation/

Test Setup

2 Engineers
I. 5 Technicians

6 21

Test Performance

Software & 1.5 Engr
Simulation Dev

Inte4_. & C/O 3.5 EnEr
1o 5 Tech

Test h Engr
3 Tech

Test Teardown

(in Test Performance)

Data Reduction and

Analysis

2 EngLneers

Report PreparstLon

(in ZATU)

• .

6 9

_3

8

TOTAL MAr_ouRs: T2

TYPE PERSO:I:IEL

2 Engineers
1.5 TechnieLans

I. 5 Engineers

3.5 Engineers
1.5 TechnLeians

Er_ineers
3 Technicians

2 Engineers

2 Engineers
i. 5 Technicians

Engineers
3 Technicians

h Engineers
3 Technicians
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(Conducted in High Vacuun Test Facility [_557]o :._rc)

o

PERSO,_; _L%

Test Management

1 Manager

MOIqTHS :S,A:;:..'0:,'THS

27 27

W

Test Requirements

and Planning

2 The_, _t=_ ....
2Thern. Test Engineers
1 Instr.__entation Engineer
0.5 Propulsion Engineer
0.5 Elect. Engineer

Test Article Preparation

2 Them. Engineers
1 Instrumentation Engineer
0.5 Propulsion Engineer
0.5 Elect. Engineer
6 Technicians

2q.C.

8 _8

Test Fixture Design " 5

1 Ensineer

Test Facility Preparation/
Test Setup

1 Therm. Engineer

1 Instrunentation Engineer

1 Data Engineer

0.5 Propulsion Engineer

0.5 Elect. Engineer
7 Technicians

2Q.C.

Test Performance

2Them. Engineers

1 Propulsion Engineer

1 Elect. Engineer

1 Instrumentation -Dmglneer
1 Data Englneer
8 Technicians

_Q.c.

48

5

65

TYPE PERSO:_;EL ..PERSOI.F.[EL-CL?4.

1 Engineer I Engineer

6Fmsineers

Engineers
6 Technicians

2 Q.C.

1 Engineer

Engineers
7 Technicians
2 Q.C.

6Ensineers
8 Technicians
2 q.C.

7Fmsineers

7Engineers
6 Technicians

2 q.C.

9 Engineers
6 Technicians

2q.C.

10 Engineers
T Technicians
2q.C.

10 Engineers
8 Technicians

2 Q.c.

2.-d7



Th_ _tAL T-_;T

(cont.)

(Conducted in High Vacuum Test Facility [_557],t_FC)

PERSO,T,;EL

Test Teardown

O. 5 Them. Engineer
• Elect. En._ineer
• Instrumen_ation Engineer
8 Technicians

2q.C.

Data Reduction and

Analysis

3 3_.5

6 5b

(Same as Planning)

+I Data Engineer
2 Technlcians

Report Preparations • 6

(8,,,,e as Planning)

TYPE PERSO';_IEL

2.5 Er_ineers
8 Technicians

2 Q.C.

7 Er_ineers
2 Technicians

6 Engineers

PERSO!_EL-C_.!.

10 Engineers
8 Teehnici-ns

2Q.C.

10Engineers
9 Technicians
2 Q.C.

10 Engineers
9 Technicians
2q.C.

TOTAL MAI_.IONTHS: 332.5
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FLIGHT SUPPORT EqUIP,_r_ TEST OPERATIONS

P SOI ,;EL

Test Management

I _anager

Test Requirements
and Planning
.(_ FSE wlo IVU)

9 9

0 0

Test Article Preparation 3 2_

1 Interface Engr
1 Instrumentation Engr

1 Mechanical Engr

1 Mass Properties Engr
0.5 Structural Engr
2.5 Technicians
1Q.C.

Test Fixture Design

2 Engineers

Test Setup

0.5 Interface Engr

0.5 Instrumentation Er_r

1 Mechanical Engr
2 Technicians

1 Q.C.

Test Performance

1 Interface Engr
0.5 Instrumentation Engr
0.5 Mechanical Engr
0.5 Mass Properties Engr
0.5 Structural Engr
2 Technicians

2Q.C.

Test Teardown

1 Interface Engr

0.5 Instrumentation Engr

2.5 Tec,hnicians
0.5 Mechanical Er,_r

0.5 Structural En_r

1q.C.

2 h

2 10

0.5 3

TYPE PERSO:F,IEL

1 Engineer

,(in FSE w/o IVU)

h.5 Engineers

2.5 Technicians

1 Q.C.

2Engineers

2 Engineers
2 Technicians

1Q.C.

3 Engineers
2 Technicians

2q.c.

2.5 Engineers

2.5 Technicians

1 q.c.

PERSO:CIEL-CC t.

1 Engineer

1 Engineer

5.5 Engineers
2.5 Technicians
IQ.C.

7.5 Engineers
2.5 Technicians
1 q.c.

7.5 Engineers
2.5 Technicians

1 q.C.

7.5 Engineers

2.5 Technicians

2Q.C.

7.5 Engineers

2.5 Technicians

IQ.C.

e•



FLIOBT SUPPORT EQUIPMenT TEST OPERATIO.*;S

(v_i _ zvu)

(m_.)

PD_SO_r,;E"L.
i1, i

DLta Reduction and

Anal_'sts

1 Interface Engr
1 Mechanical Eagr

0.5 Data Tech
I Mass Properties East

Report Preparation

1 Interface Engr
1 Mechanical Eagr
1 Mass Properties Engr
1 InstrumentaCionEngr
1 Structural Engr

.

_L_:;'..'O:ZTH._._....._STYPE PZR$OtF,IE5

8 3.5 Engineers
0.5 Technicians

5 5 Engineers

8 Engineers
3 Technicians
I Q.C.

8 Engineers
3 Technicians

1 R.C.

TOTAL HAZ; HO,'fl_H8: 77

4

4e
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FLIGh_ SUPPORT E,qUIP:._-;TTEST OPERATIONS

(WITR THE rw m;D A_ Om3_T_)

PERSONNEL

Test Management

1 Manager

Test Requirements

and Planning
(in FSE w/o IVU)

I.DNTIIS :.'_;_.:ONTHS

9 9

0 0

Test Article Preparation 3 2_

1 Interface Engr
1 Instrumentation Engr
1 Mechanical Engr
1 Mass Properties Engr
0.5 Structural En_r
2.5 Technicians

lq.C.

Test Fixture Design

2 Engineers

Test Setup

0.5 Interface Engr
0.5 Instrumentation Eru_r
1 Mechanical Engr
2 Technicians

lq.c.

Test Performance

1 Interface Engr
0.5 Instrumentation EngT
0.5 Mechanical Engr
0.5 Mass Properties Engr
0.5 Structural Engr
2 Technicians

2 q.C.

Test Teardown

l'Interface En_r

0.5 Instrumentation Engr

2.5 Technicians •

0.5 Hechanical En_r

0._ Structural Engr

lq.c.

2

2 10

0.5 3

TYPE PERSO,'I_IEL

1 Engineer

(in FSE v/o IVU)

h. 5 Engineers
2.5 Technicians
1Q.C.

2 Engineers

2 Engineers
2 Technicians

IQ.C.

3 Engineers
2 Technicians

2 Q.C.

2.5 Engineers

2.5 Technicians
lq.C.

PEBSOIr,IEL-CL'.4.

1 Engineer

1 Engineer

5.5 Engineers
2.5 Technicians

Iq.C.

7.5 Engineers
2.5 Technicians
1 Q.C.

7.5 Englneers
2.5 Technicians

zq.c.

7.5 EnKlneers

2.5 Technicians

2Q.C.

7.5 En._ineers

2.5 Technlcians

1 q.c.

2

W



f

FLIGBT SUPPORT EQUIF:_T TEST OPEP-%TIO:_S

w

D

PERSO_;EL

Data Reduction and

._.alys£ s

1 Interface Engr
1 Mechanical Engr
O. 5 Data En_r
0.5 I)_ta Tech
1 Mass P_pertles Er_r

Report Preparation

1 Interface En_r
1 Mechanical Engr
1 Mass Properties Engr
1 Instrumentation Engr
1 Structural Engr

s 8

1 5

TYPE PERS0::I;EL

3; 5 Engineers
O. 5 Techn£c£ans

5E_ineers

PERSO:_JEL-CL_..!.

8 Engineers
3 Technicians
l"q.c.

8Engineers
3 Technici_s
IQ.c.

'IOTA.[. I_LI_ MO_tTHS:
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PERSOn;EL

Test Management

1 Manager

ELECTROHAGNETI C CO,V_ATIBILIT¥

(FLIGHT TEST ARTICLE - M_ACTURI_G SITE)

TYPE PERSONNEL

I Engineer

PERSO:_EL-CU:_4.

i Englneer

o
Test Requirements
_d Plannin_

1 EMC Engineer
O. 5 D_4A Engr
0.5 _t&C Engr
O. 5 Comm. Engr
0.5 Instr. Engr
O. 5 PwT and Dist Engr

O. 5 GSE Engr

Test Article

Preparation

I EMC Engineer

0.25 D_4AEngr

0.25 G_;&C Engr

0.25 Comm. En_r
0.5 Instr. Engr

0.25 P,,rz" and Dist Engr

0.25 GSE Engr
3 Technicians
2 Q.C.

Test Fixture Design

1 Engineer

Test Setup

1 EMC Engr
3 Technicians

1Q.c.

Test Performance

2 t2_C Engineers
3 Technicians

lq.c.

Test Teardown

1 EMC Engineer
3 Technicians

lq.C.

16 h Englneers

O. 5 3.8"/5 2. T5 Engineers
3 Technicians

2 Q.C.

2 2 1Engineer

0.25 1.25

61

0.25 1.2_

1 Engineer
3 Technicians

1 q.C.

2 Engineers
3 Technicians
1Q.C.

1 Engineer
3 Technicians

1 Q.C.

5Engineers

5 Engineers
3 Technicians

2 Q.c.

6 Engineers

3 Technicians

2Q.C.

6 Engineers
3 Technicians
2 Q.C.

6 Engineers
3 Technicians
2Q.c.

6 Engineers

3 Technicians

2 Q.C.



ELECTRO!.IAG:._ETICCO._PATIBI LITY

(FLIGHT TEST ARTICLE - :5_:_UFACTURII_GSITE)

.i

PERSOn;EL

Data Reduction

and Analysis

2. T5 Engineers

(See Test Art. Prep. )

I Data Engrg Engr
1 Data Technician

_,103"EHS :4_::.D;;THS

2 9.5

TYPE PERSO_r,:EL

3.75 Engineers
1 Technician

Report Preparation Engineers

h Engineers
(See Test Requirements
and Planning)

PERSOI_EL-Ct_4.

7 Engineers
Technicians

2 q.C.

T Engineers
Technicians

2 Q.C.

i

4

TOTAL MA_ MOI_THS: 52.375
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REFURBIS_2._/R_-USE VERIFICATION

FLIGHT TEST ARTICLE

TRANSPORTATI_ _qD HA_DLING PROCEDURES VERIFICATION

Test Man_ement 0

Test Requirements 3

and Planning

2 Transportation and
Handling Engrs

Test Article Preparation 0

Test Fixture Design 0

Test Setup 1

2 Transportation and
Handling Engrs

Test Performance 2

2 Transportation and
Handling Engrs

1 Crane Operator
Technicians - Struct/Mech

1 Driver

1 Quality Control

I Safety Engineer

Tear Dovn 0

Data Reduction and 1

Analysis

2 Transportation and
Handling Engrs

Report Preparation I

2 Transportation and
Handling Engrs

TOTAL MAN MONTHS:

| |

O"

6

0

0

2

2O

0

2

2

32

TYPE PERSONNEL

2Engineers

2 Engineers

3 Engineers
1 Crane Op.
h Technicians

1 Driver
zR.c.

2 Engineers

2]_Ineers

2Engineers

2Engineers

3 En_ineers

i Crane Op.
Technicians

i Driver

1Q.C.

3 E_ineers
1 Crane Op.

Technicians

1 Driver

1Q.C.

3Engtneers
1 Crane Op.

Technicians
1Driver
1 q.C.

8
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ELECTBO:.L_Gb-/T:C C9!_ATIEI LITY

(FIRST DELIWRED TUG - X_%L_;CRSITES)

!

PERSO:F.;EL

Test Management

1 Manager

Tes_ Requirements
and Planning

1 EMC Engineer
0.5 D_.tA Encr
0.5 G_I&C Engr
O. 5 Comm. Engr

O. 5 Instr. Engr

O. 5 I_T and Dis_ Engr

Oh5 GSE Engr

Test Article

Preparation

1 EMC Engineer

O.25 D:._AEngr
0.25 GI;&C Engr

0.25 Comm. Engr

0.5 Instr. Engr

0.25 P_T and Dist Engr

0.25 GSE Engr
3 Technicians

2Q.C.

Test Fixture Design

1 Engineer

Test Setup

1 EMC Engr
3 Technicians

1Q.C.

Test Perfornance

2 _.IC Engineers
3 Technicians

lq.c.

Test Teardown

1 _C Zr.gineer
• 3 Technicians

1Q.C.

3 3

TYPE PERSONNEL

1Engineer

Q

0 0 (In 5_g S_te
Plannir_ )

0.5 3.875

0.25

z.2 

3

z.25'

0.25

0.25

2.75 Engineers
3 Technicians

2q.C.

1 Engineer

1 Engineer
3 Technicians

IQ, C.

2Engineers

3 Technioians

lq.C.

1 Engineer
3 Technicians

lq.c.

PERSOIFJEL-CL'._.

1 Engineer

1 Engineers

3.75 Engineers

Technicians

2 Q.C.

_.75 Engineers

3 Technicians

2q.C.

h.T5 Engineers

3 Technicians

2 q.C.

_.75 Engineers

3 Technicians

2 Q.C.

h.75 Engineers
3 Technicians

2 q.c.

8

ee
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ELECTROMAG;I=_TIC C0r_L_ATIBI LITY

" (TZ_T DELI_ TUG - LAm_C_ SITES)
l

PERSOMNEL

Data Reduction

and Analysis

2.75 Engineers

(See Test Art. Prep. )

1 Data Engrg Engr
I Data Te_hn_QAan

_K)NTIIS ._'Af;:.._,,'THS

i _.75

TYPE PERSO:III_.

3-75 Engineers

•1 Technician

Report Preparation Er_ineers

Engineers

" (See Test Requirements

and Planning)

TOTAL HAIl MOX;THS : 21.375

°

PERSO!_._EL-Ct?.I.

5.75 E_ineers
h Technicians

2Q.c.

5.75 Engineers
Technicians

2 Q.C.
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REFURBI ___._,_IF=-'dSEVERIFICATION

(FLIGHT TEST ARTICLE-ZTR)

MALTE_CE Cq_ PEO_'_DL'F_EVALUATIOH

(PHASED II;ITIAL A_ID DIRECT DEVELOP'_))

m_a"aS L_;:D,:,;THST_Z PE_SO:;I_

Test Management

I Supervision

Test Require_ents
sndPlanning

1]_Engineer - Avionics
l_Engineer - Propulsion
l_Engineer - Struct/Mech

Test Article Preparation

Test Fixture Design

Test Setup

5-5 5.5 1 Engineer

i "M Engineer - Avionics

I _ Engineer - Propulsion
1 _ Engineer - Struct/Mech

Test Performance

2 6 3Engineers

l_Engineer - Avionics

l_Engineer - Propulsion

l_Engineer - Struct/Me_h
2 Technicians - Avionics

2 Technicians - Propulsion
2 Technicians - Struct/Mech

3Quality Control

Tear Dovn

0 0

0 0

•5 1.5

Data Reduction

sndAnalysis

l_Engtneer - Avionics
1 M Engineer - Propulsion
l_Engineer - Struct/Mech

Report Preparation

1 12

l_Engineer - Avionics
l_Engineer - Propulsion
l_,Englneer - Struct/::ech

TOTAL M._MO:;TIJ3:

o

1

1

0

3

3

31

3 Engineer

3 Engineer
6 Technicians

3 Q.C.

3 Engineers

3 Engineers

PERSOI_JEL-C%_,.!.

1 Engineer

h Engtneers

h Engineers

Engineers
6 Technicians

3 Q.C.

Engineers
6 Technicians

3 Q.C.

Engineers
6 Technicians

3 q.C.

1-7 
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Test Management

Test Requirements
and Pl annlr_

1 M Engineer

Test Article Preparation

Test Fixture Design

Test Setup

• 5 _ Engineer

Test Performance

I M_Engineer

Tear Dovn

Data Reduction

a_Analysis

i M Engineer

Report Preparation

• V5 _ Engineer

KEFURBISm._m[r/R_'-jszVE_IFICATIO:;

FLIGHT TEST ARTICLE (ETR)

MA_TAI:_ABILITY (,___)DEMONSTRATION
e

(PHASED E_ITIAL A/_D DIRECT DEVELOPED)

bDNTHS MA:;k'ONTHS

0 0

2 2

TYPE PERSO'H:EL

i Engineer

0 0

0 0

2 1 • 5 Engineer

1 1 1 Engineer

0 0

2 2 1Engineer

•75 Engineer

PERSO:_EL-CtN.

1 Engineer

1 Engineer

1 Engineer

1 Engineer

1 Engineer

TOTAL MAI; MONTHS : 9

2-75"



2.4 FLIGHT TEST PROGRAM

The development process culminates in the flight test program. It has been a

goal during this study to conduct as little flight testing as possible

co_lensurate with demonstration of mission performance to a high degree of con-

fidence. The two major variables involved are amount of ground development

• es_ing conducted prior _o uu..._ttl_ L,,,= fi_ot _,_.= ,.,_ ,_v flight, _

SmOunt of risk to be accepted by program management. To arrive at a prudent

balancejtechnical complexity of a subsystem, related experience, and cost

were considered in formulating a ground test plan directed at minimization of

flight testing. As a result flight test objectives are associated primarily

With the zero-g aspects of space flight.

2.4.1 Flight Test Objectives

Objectives are aimed at verifying that the Space Tug can accomplish assigned

missions within the specified mission envelope of performance and time

requirements.

2._.i.i Propulsion Subsystem

The use of liquid hydrogen and liquid oxygen as propellants is no longer a new

technology. Before the end of the Saturn-Apollo program the practice of accept-

ance firing each S-IVB stage was terminated. Injection into earth orbit of

Apollo 17 was the first firingexperienced by S-IVB stage#512. Skylab 2 and 3

launches were performed by S-IVB stages which were acceptance fired many years

earlier. Subsequent to their firings stages 206 and 207 logged extensive hours

of storage, transportation, modificationsjinspections and an additional factory

@heckout. This activity (or lack of it) emphasizes the fact that with

sufficient development testing and proper adherence to quality control pro-

@edures some operational testing can be reduced.

Calling on this related experience the first firing of aSpace Tug will be

on-orbit. Ground testing of the main engine support assembly (MESA) is con-

sidered adequate to provide the required confidence. The objectives for flight

testing then are:

propellant settling in a zero-g environment

propellan_ u_llxzation

propellant feedline and engine thermal conditioning

6



r propellant conditioning

engine low pressure ignition.

2._.i.2 Avionics Subsystem

This subsystem is of sufficient complexity and importance to Tug flight

operations that strong emphasis is placed on its development through the use of

the Integrated Avionics Test Unit. Information will be obtained through

operational instrumentation as to performance of the assemblies of the subsys-

tem as missions are performed. As a consequence the only flight test

instrumentation will be in support of the following objective:

Avionics cold plate temperature stabilization.

2. _. I. 3 Thermal Insulation Subsystem

Both ground and flight test data verify analytical predictions of heat transfer

and resulting LH 2 boil-off rates. For Options 1 and 3I this flight test conmmnds

even more importance because of the lack of conduct of the ground test. The

flight test objective for the subsystem is:

Zero-g heat transfer.

2._.I._ All Subsystems

Components and assemblies of the subsystems attach either to primary or second-

ary structure. Components developed on the Tug program will be exposed to

vibration and shock along with their attaching structure and backup structure.

Some of this testing will be accomplished at higher levels of assembly. In

the absence of a dynamics test of the total system it is adviseable to obtain

this information in flight. The resulting objective:

Vibration levels of selected critical installations.

2. _. 2 Flight Test Instrumentation

Instrumentation for the purpose of obtaining data relative to the above

objectives will be installed on the first flight vehicle. At the termination

of the flight program (2 flights) the instrumentation will be removed and the

Tug processed through a normal turnaround cycle. The vehicle will then

continue normal operations within the fleet.



2._.2.1 Propulsion Subsystem

Specific equipment andlor sensors and signal conditioning equipment are

re%uired for each of the objectives.

Propellant Settling

A shor_ LH 2 capacitance probe will be ins_aiied in the LH 2 tank such tha_ _he

upper end will be 3 ft (0.914 m ) above the feed outlet. This probe will

indicate thereduction in amountjor the lacklof bubbles.

Propellant Utilization

This objective can be satisfied by operational instrumentation.

Pro_ellant Feedline and Engine Thermal Conditioning and Propellant Conditioning

Temperature probes will be installed inthe propellant feedlines ; _ in the LH 2

feedline and 3 in the LO 2 feedline.

Engine Low Pressure I_nition

Inherent in the pressurization component is zero NPSH. To insure engine

ignition in a zero-g environment a backup pressurization component will be

installed consisting of two 4.5 cu. ft (0.127 m 3) ambient helium repressurization

bottles. Operational engine instrumentationwill suffice for evaluation of the

pressurization component.

2._.2.2 Avionics Subsystem

Fifteen temperature patches placed in selected locations will allow evaluation

of the stability of the cold plate temperature.

2._.2.3 Thermal Insulation Subsystem

Selectively positioned thermocouples are used to determine heat transfer losses;

four on each feedline, 4 on the insulation of each tank, _ on the shroud and

at other critical locations. In addition 2 pressure transducers will monitor

purge bag operation.

2._.2._ Vibration Measurements

Either a 3-axis or a 1-axis accelerometer will be placed in the locations

analyzed to be critical.



2.h.3 Fli ht 

Flight test information will be acquired on the first two flights. These flights

will carry selected spacecraft for orbital placement. Obtainir_ this information

as a secondary mission objective presents a challenge to the flight scheduling

effort, the result of which will be a balance between mission/spacecraft and

flight test objectives.

h

i °

l
t

The objectives, instrumentation, and flights discussed above pertain to Tug

subsystems. An objective and flight test to be performed in addition to

these is the on-orbit verification of the egress-ingress maneuver. This is

an Orbiter/Tug interface flight test. Equipment will consist of an Orbiter

and a Tug/Orbiter Interface Verification Unit (IVU). This unit is for develop-

Ing, qualifying, and checking out the interfaces between the Tug and the Orbiter

pertinent to the egress/ingress maneuver. Since the development of these

interfaces are as important to the Orbiter contractor as to the Tug contractor,

the manufacturing and testing costs of the unit may be shared. In this regard,

and due to its estimated cost ($50,000), only one unit will probably be

constructed between the two contractors. For the flight test, if the IOC

is December 1979, an "empty bay" Shuttle flight test may be utilized; if the

IOC is later, a dedicated Shuttle flight would be required. Objective of the

test is to assure operational integrity of all interfaces, i.e., latches,

disconnects, tilt, maneuvering arms grip/degrip, egress maneuver, ingress

maneuver, etc. Importance of the test is emphasized by the facts that when

the maneuver is performed with a live Tug both the Tug and the Orbiter are

fueled; the Orbiter is manned; if the Tug can't be recovered, this expensive

vehicle must be left on-orbit; and, if the first time the maneuver is performed

is deferred to the first live Tug flight only to find a fault, particularly part

w_ 7 through the maneuver, the Orbiter cannot accomplish atmospheric reentry

aerodynamically unclean.

2. _. _ Manloadin_ Per Test

Manloading estimates employed the following steps:

a.

bo

c.

do

Determine major elements required to conduct the specific test.

Schedule these elements relative to each other.

Determine the quantities and types of key direct personnel

required to accomplish each element.

Complete the arithmetics.



2.b._.l Schedules and Estimates "

8@hedule8 and respective personnel estimates are presented on the follovinK

Isqe8 for each of the test8 within MBS element 32A-08-0_.

8
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FLIGHT TEST OPERATIONS

IVU

(EG_SS-ISGRESS)

PERSONNEL

Flight Test Planning

1 Electrical Engr

1 Propulsion Engr
1 Struct/Mech Engr
1 Thermo En6r

1 Instrumentation Engr

1 Interface Engr
1 Project Engr
1 Mass Properties Engr

MDNTHS MANMONTHS

2. _6

Launch Operations Support
(wss 32c-09/z0)

35 Engineers
80 Technicians

0.75 0 =

Flight Operations Support
(wss 32c-zz/12)

30Engineers

0.25 0= -"

Flight Test Operations
Support

Z Project Engineer
1 Interface Engineer
1 Struct/Mech Engineer
i Mass Properties En6r

1 Instrumentation Engr

1

Data Analysis and
Evaluation

8Engineers
(See Flight Test PZng)

1 Data Acquisition Engr
1 Data Technician

1

Report Preparation 1

1 Project Engr

1 Interface Engr
Z Instrumentation Engr
0.5 Electrical Engr.

0.5 Propulsion Engr
0.5 Struct/Mech Engr

0.5 Thermo En_T

0.5 Mass Properties Engr

TOTAL MAN MOFI_LS:

i0

5.5

36.5

TYPE PERSONNEL

8 EnEineers

..

0 Engineer

0 Engineer

5 Engineers

9 Engineers
1 Technician

5-5 Engineers

8Fu_tneers

8En_neers

6En_neers

7 Engineers
1 Technician

7Engineers
1 Technician



q

H_ /

S I



FLIGHT T_ST OPERATIONS

(Conducted Concurrently with Operational Flights--Phased Initial and Direct Developed)

PERSONNEL

Flight Test Planning

Eiec. Engineers
2 Prop. Er_ineers
1 Struct./Mech. Engineer

1 Thermodynamics Engineer
I Effectiveness Engrg Engr

2 Project Engineers

Launch Operations Support
(wBs 32c-o9/ o)

night Operations Support 1.5

(WBS 32C-II/12) .:
i

.;

Flight Test Operations
Suppor

2 Elect. Engineers

2 Prop. Engineers
1 Struct./Mech. Engineer

I Thermodynamics Engineer

1 Project Engineer

Data Analysis and Evaluation _

9 Engineers

(See Flt. Test Plng.)

3 Data Acquisition Engrs

2 Data Acquisition Techs

Report Preparation

9 Engineers
(See Flt. Test Plng. )

TOTAL MA/;HOURS:

(2 FL UHTS)

FK)NTIlS MANNOIITItS TYPE PERSONI_EL PERSOI_EL-C_4.

9 • 81 9 Engineers 9 Engineers

5 O_

O"

5 - 35..

1

__. 9 Engineers

'_ 9 l_lg_neers

7 Engineers 9 Engineers

56 12 Engineers
2 Technician_

12 Engineers

2 Technicians

181

9 Engineers 12 Engineers
2 Technicians

Instrumentation: $100,000 0_006 vehicle cost

&



e_

.4F

D'3

c_

r_
v

rj_

m_
o
p-t

o

X -

,-I 0

= o_
P.4

0

,Z
N

X

,X
t,

cQ

o

,-4

0 0

X X

..4,_

_o"'o

X X

•,41 04 (_I

,-I

.._ ,._
0 0
r-I r"l

X X

X X

L.,,_I_

r-I

0 0

_ID I_

"=0"%
,-I _I

X

=.o.

0
r-I "

c_

0 0

0 0

oo
I,_ I,I

,-,I ¢_I

°=o

0 0

X X

0 0

_4 _4

,-4 .-4

X X



2.k.h. 2 FIJ_ht Test Costs

lnstr_entst ion:

Ba_up Represeurizatlon Ccmponeuts:

M_ht Test Operations:

Total:

$0.10_ X

$1.333 M

$0.750 M

night test operations cost includes the eKress-inKress maneuver interface

flight test using the ZVU.and two Tug flight tests performed as secondaz_r

mission operations on spacecraft carrying flights.

2 f&



2.5 I,_ACTOF OPTION SLNSITIVITIES

Vehicle test is affected lightly or not at all by the differences from the

principal emphases.

D

2.5.1 Programmatic Sensitivity for a Two year Earlier IOC (Dec. 31, 1981

An earlier IOC results in no _:=aet on the vehicle test program. To maintain 1or

DDT&E cost with total program cost effectiveness no tests vould be added or

deleted. For cost and funding impact, refer to Section 8, Volume 8.

v

2.5.2 l_ogra=matie and Configuration Requirements to Provide 15-Day Servicing

Mission .Ability for the Option Available at December 31, 1981.

No impact is identified to the vehicle test program as result of this requirement.

2.5.3 Sensitivity Impacts of Using _E, Aerospike, and Category IV l_10
Engines

No impact is identified to the vehicle test program as a result of this require-

ment. Each of the engines drives the requirement for firing runs on the propul-

sion test vehicle, as does the Catego.7 II RLIO. In each case, the test engine

vhen delivered has reached preliminary flight certification (PFC). On these

bases, no impact is identified.

2.6 JJ[2d_YSIS OF T}_T PROGP_4
.

Elements of ,i tez5 progr_'_ norn:&l]y include" .....

Supportin_ Research o_nd Tcelmolo_y (SEST)

D_¢e!oF.'._ent and que/ific-_tion testing of the ic'rpr h_-rd-¢are -s_::-_)ly

levels, i. _. , _arts, ccmponcnt s, subas_nblie.z, _nd :_-._ccmblies

Reliability testinK of selected items •

Repairability�maintainability t_stin_ at the Lin_ _&placeable Unit (LRU)

level

Dcvelop.m_nt, qu,!ification, :..'.ainten.,.ncc,.-.nd:::ai_:t_du'billty t..-..-.tin_of

major or vehicle level test _r_icles

Acceptance ten_inz of the lowe_ levc! har¢_/_e

Acceptance testin_ of the ecr;pl..'ted "i',n_

Prelaunch tes t'x.,_,-,
............... . °. ..

:"liEht tcstir_ of the completed CZ_



For purposes of this study, these elements ha'_e been organized into their

associated operational areas.

2.6.1 Su_orting Research and TechnoloT_r (SR.'cT)..

Dependin_ upon the option,some subsyste-ns require preceding SR_T. The testing

program is based, however, upon the assumption that all required SR&T is c_upleted

prior to ATP of the Tug Phase C-D. Therefore, SR&T discussions are found in

Section 8, Volume 5, and Section 10, Volume 8.
0

2.6.2 Development and 0ualification Testing

This testi:_ is accounted for at two levels; components and assemblies, and

vehicle test.

2.6.2.1 Component and Assembly Testing

A goal in this study was to identify as m_ny of the selected components as

possible which could be qualified to Tug requirements by means other than

testing, i.e.,

A- A:_s.lysis

I - Inspection

D - D¢_onstratlon

S - Simulation

_b

For those items, identifiable in a conceptu_ study, achievement of that coal

has been reached.

2.6.2.2 Vehicle Test

The bulk of the te._t program is co_i_rised in this activity, and properly so.

When assembly re._che_ this lev_.l, it is appro'-'chin_, or h_s becc._e, the S_cc

Tug. This is the first time the lo:-er Icy.,,.'.h_rdware has been _sembled ._:_to

the Tug confiEuratlon. This is where true Tu_ develol,-.:_.nttakes place. Dis-

cussion of test hard_ca-e and o_er_,tions is located in S_ction 2.1 uud 2.3,

respectively. The test progr_.s have been for:_ulat_.d to comply with Tu_

progr_n r,_quirements of minimun/low ?DT&E, _'_.=o,_s_rate reusability, etc. It

is al_:_:yspossible that less te_ti::_; can l_c Ce:'formed. Bu_ it is also a

!
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fact of product devclor_nent life that as the activity which proves thRt the

design/m,_nufacturin_ process meets the design requlr_ments, i.e., test, is

lowered, the risk that the product will perform as required raises. Another

view is that as dollars are shoved out of development, they pop up in

operations. There is, therefore, a cross over point where further reductions

in devclopment/quallflcation costs are not sound reductions. At the level

of design definition available from a conceptual study, the test program

described in the foreEoing sections reflect an adequate balance between

technical assurance and budgeta2-j limltatlons.

S.6.3 RellabilltY Testing

As a result of the co-._ponent selection process, rellability analyses, develop-

ment and qualification test design,mid cost limitations no specific reliability

testlr_ is Idcntlfled for this option.

D_onstration of the reusEcility of the Space Tug, and therefore the components

of which it ccnsists, bears clo_e rese,_blance to that of any reusable equi_-uent.

Such a dc_ons_ration re_!ly span_ three se!;arate but allied activities: the

overall design/tc_t philosophy; co:_ponent/sub:_sse_bly level development end

quallfic_.tion testing; and repalrab!lity/r,s/ntainabili_y testing at all levels

of asse:_bly.

2.6._.i Desisn/Test Phi?._sophy

This is a combination of four approaches and is discussed in Section 2.3.

2.6. h. 2 Component _estir_

Where _uplica_le_critical test ccnditions or environments are inposed in

accelerated life modes or in re_ated cycles to assure their survivability

within the limitc to be specified.

2.6. _. 3 :lo.inten_.nce/:;_intaln_%bil;ty Testing

This te_tin_, is co_.n._nc,_d early in the progress at the component level on the

bench and carried throu3h the pro_ro-_ utilizin_ the develol_ent fixture,

the p-_o_,._ision te._t vehicle, _he integrated Avionics Test Unit, and

the flight test article, The ,_.cc!'rity is de:,i_ned to a_sure th_

repalrabillty/_in_in_bility of the lane re_,ic.cea.ble hsr, lware,



accessibility of LRUs within the Tug design and adequacy andeffectiveness of

procedures. The latter is accomplished first in the development mode by the

contractor, followed in the operational test and evaluation mode by the

customer.

2.6.5 Acceptance Testl _

Items acquired from vendors and subcontractors will be conducted at their

facilities under MDAC and customer Q.C. direction. Post manufacturing

acceptance testingof the completed CEI will be conducted in the Vehicle

Checkout Laboratory (VCL) at MDAC, HuntingtonBeach. These activities are

discussed in Section 4.

2.6.6 Prelaunch Testing

This testing consists of receiving inspections, pre and post mate tests

(both spacecraft and orbiter), propellant loading preparations, launch

readiness tests and maintenance/refurbishment checkouts. These tests have

been formulated to blend within launch site operations procedures, Tug/

Spacecraft and Tug/Orbiter interface compatibility, maximum reuse capability,

and cost constraints. The activity is discussed in Section 11.3, Volume 6.

2.6.7 Flight Testing

Flight testing has been held to a minimum in terms of engineering information

acquisition and of cost. Maximum use must be made of ground test results

through analysis emphasizing flight application. Identified flight test

objectives are concentrated on those subsystem operations specifically

affected by a zero-g enviror_ent. Satisfaction of these obJectlve_coupled

with the analyses of ground test results will assure verification of the

Tug's capability to accomplish assigned missions within the mission envelope,

to be specified, of performance and time requirements. While the objectives

are not considered of minor significance, the flight tests can be flown on

spacecraft-carryi_ flights, which is beneficial from a cost standpoint.

In addition to the subsystem oriented flight test objectives, one further

mission objective is associated with the egress-ingress maneuver , i.e.,

getting the Tug and its spacecraft out of and back into the orbiter cargo

-bay. This objective, the subsystem objectives, and the flight test require-

ments are discussed in Section 2.4.



Section 3

FACILITIES PLAN

The requirements developed by operations analysis in the areas of manufacturing,

test, integration, C/O, launch, recovery, refurbishment, and storage were

matched against existing, modified, and new facilities on the basis of avail-

ability, compatibility, and cost.

O

It was determined that facilities are not configuration sensitive; cost is

not a determinate factor in selection; existing facilities can be utilized

for most requirements; and horizontal mating i_ a preferred method.

3.1 MANUFACTURING FACILITIES

Manufacture and checkout of the Space Tug will be accomplished at the McDonnell

Douglas Astronautics Company, Huntington Beach, California, facility.

The Huntington Beach facility was planned and designed from inception to provide

fully integrated facility capabilities for space vehicles. Its buildings con-

sist of engineering and administration offices, a Systems Integration Laboratory,

Structural Test Laboratory, Space Simulation Laboratory, Production Test

Laboratory, Manufacturing and Assembly Building, Insulation Building, Final

Assembly.and Checkout Building, and other service and support buildings.

Maximum utilization will be made of the existing MDAC and government owned

facilities used on the Saturn SIVB Orbital Workshop and other programs in

the development and production of the Space Tug. This will include but not

be limited to such MDAC facilities as the existing machine shops, sheet metal

shops, process shops, electrical/electronic fabrication and assembly, and

supporting inspection and test laboratories.

A preliminary list of additional facility requirements identified at this time,

for each of the configurations are shown in Table 3.1-1 along with ROM cost
/

and procurement lead time estimates also shown in Volume 6, Book, Section 11.5

and in Section _.3 of this book.

3.2 TEST FACILITIES

Production testing (and checkout) will be done at Huntington Beach in existing

qaboratories of the McDonnell Douglas Astronautics Company facilities. These
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laboratories, designed and used for space vehicles, will require little or

no modification for use in the Space Tug Program.

Vehicle PTV tests will be conducted in test cell J_ of the AEDC facility at

Tullahoma. Test cell J4 provides an altitude simulation capability lacking

in the test facilities at Huntsville. Thermal tests of the vehicle will be

accomplished in the NASA High Vacuum facility utilizing an existing scaled

down and instrumented tank that will fit the 15 foot diameter chamber. These

government facilities are available at no cost or at a nominal fee depending

on the using agency (see Table 3.i-i ). See also Volume 6, Book 2, Section

11.5.1 aswell as Section 2 of this book.

S.3 OPERATIONS FACILITIES

The requirement for Tug launch facilities at ETR will be satisfied with con-

struction of one new building, by modification and refurbishment of existing

buildings and by use of Orbiter facilities that can be expanded or adapted

to include Tug service.

qr

At WTR,construction of a new Payl0ad Processing facility together with use of

programmed Shuttle facilities expanded to satisfy Tug needs will provide the

support required. A tabulation of these facilities' status and cost is

presented in Table 3.3-I. Additional information is available in Volume 6,

Book 2, Sections 11.5.2 and 11.5.3.

New construction and modification to existing buildings (the first three items

of Table 3.3-1) is shown in Tables 3.3-2 and 3.3J_ ".

3.4 IMPACT OF OPTION SENSITIVITIES

o Programmatic sensitivity for a two year earlier I0C (Dec. 31, 1981) will

have a schedule effect in terms of facility need dates as described in

Section 1.7 of this book.

o Programmatic sensitivity requirements to providel5 day missioncapability

for the option available at December 31, 1981 is for Tug capability only

(no other special requirements for payloads). There will not be a facility

impact.

o Modifying the Tug to use ASE, Aerospike, and RLI0 Cat. IV engines will not

impact facilities.
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Section h

VEHICLE MANUFACTURING

The vehicle manufacturing plan of the Space Tug (see Figure h-i ) contains

the Space Tug manufacturing support of the DDT&E requirements, the Space Tug

pro_iction manufacturing plan, including Peak Rate charts, Manufacturing Flow

Plans, tooling required to manufacture the Space Tug per the prescribed rate

and the facilities that will be required to accomplish the task. Also included

in this section are the problem areas, special processes required, summary

analysis and manufacturing philosophy engendered into the manufacturing plan.

The impact of the options and the sensitivity to these options are delineated

in this section. Factory GSE lists have been made and are also included.

e

4.i PLAN/FLOW/TIME

The manufacturing plan�flow�time elements used for the manufacture of the

Space Tug are based on the following key factors:

• Low Production requirements

• Low cost DDT&E

• Low Production Manufacturing Costs

• Low Early Year Funding

• Low Manufacturing Rate Requirement

• Test Article Requirements Support

• Utilization of existing Capital Equipment, GSE, and facilities

• High Reliability and Reuseable requirements of the Space Tug.

The above noted key factors were considered and incorporated into the Manufac-

turing plan with the principal motivating factor being the high reliability

and reuseability requirement.

4.1.1 Manufacturing Requirements.

This section has been divided into two parts to separate the manufacturing

requirements for major test articles from those needed for the production of

flight articles. No dedicated flight test articles are planned for this

program. Schedule requirements for the major test articles are presented in

%z/
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Section 1.2. Wherever practical or feasible from a schedule standpoint,

manufactured test components will be fabricated during tool proofing to provide

lower program cost, reduce Planning effort, provide a greater lead time, and

reduce Tooling setup times for test components•

h.l.l.l Major Test Articles

A. Structural Test Articles

Manufacturing will support the development testing and the qualifi-

cation testing of structural test hardware by producing one tank set

for each of three tests. A tank set consists of an LO 2 tank and an

LH2 tank, as the structural test article is not tested as an

assembled entity. Two tank sets will be used during development

testing, one for the hydrostatic pressure cycleand one for the hydro-

static pressure burst test. One set of weldment/Joining Joints will

also be produced for development testing.

The third tank set produced will be used for qualification testing

during a_vdrostatic pressure cycle. One body structure, a thrust

structure, and a set ofsupport elements will be produced by

manufacturing for qualification testing under static loads: axial,

shear and bending. One set of Joints will be manufactured also

for qualification testing of compression and bending under static

loads.

w

B. Propulsion TeSt Vehicle (PTV)

Hardware produced by manufacturing for the PTV test includes one each

of the following articles: main engine support assembly, structures

assembly, interface panel assembly, purge provisions assembly, abort

provisions assembly, and one set of electrical and propulsion C_E.

The main engine will be GFE for this test. As a cost reduction

consideration the L0 2 and the LH 2 tank used in this test will be the

previously fabricated Tooling Proof tanks developed to "prove and

complete" the tooling required in tank manufacture. Cost savings to

the program by using these tanks is consistent with MDAC's policy

of low cost and high reliability. Use of these existing tanks is
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reflected in the hardware usages schedule for the time-phased

production of test articles.

Although the PTV is not a true Space Tug vehicle, being used only to

develop and qualify the main engine support assembly and associated

interfaces, the components which comprise the PTV will be of produc-

tion quality to assure that components and interfaces function within

the specified limits. The propellant tanks will be fabricated and

assembled on production tooling, but will not have the tapered or

chemical milled skins used for regular "flight weight" tanks.

Integrated Avionics Test Unit (IATU)

Items of test hardware produced to support the IATU test include one

avionics subsystem "set" plus spare equivalencies; one set of inter-

facing hardware (sensors, valves) from such typical subsystems as

thermal control, propulsion, and orbiter interface; and one set of

electronic GSE and associated software. Associate contractors will

supply, in addition, interface verification units for such systems

as spacecraft, orbiter, and launch processing. Components comprising

this IATUwill be of flight production Tug quality, with complete

qualification of parts at the component level to assure functional

integrity.

Flight Control Simulation (Deployment & Retrieval)

Test hardware includes the GN&C subsystem set plus one set of

rendezvous, docking and tracking electronics. Simulation will be

provided in the On-Line Subsystem Facility (OLSF) at Huntington

Beach.

Thermal Protection Test

An existing, MSFC-owned, scaled LH 2 tank will be shipped to MDAC for

test preparation and for the installation of thermal protection insu-

lation and instrumentation. The tank will be returned to MSFC for

test in their High Vacuum Test Facility. MDAC manufacturing will

provide one set of scaled Tug thermal protection for the test and

install one set of thermal instrumentation.



To Flight Support EqUil_ent (FSE)

For the Tug/Orbiter FSE with an Interface Verification Unit (IVU),

manufaeturlng will provide: one tilt table, two fluid/electrical

interface panels, one abort dump interface panel, and one electrical

interface panel. Special test equipment will also be provided to

effect sere g mass balancing of the hardware under test.

Interfaces identified are those between associate contractor hard-

ware or customer hardware. Interface hardware furnished to MDAC

by an u_eiate contractor for the IVU will be controlled to assure

functional fit and alignment by interface master _ooling. This

muter will be produced, controlled and maintained by MDAC to exact

specifications, and supplied to the associate contractor for interface

control.

_.1.1.2 Flight Articles

MDAC does not plan to provide dedicated flight test articles, as the high

reliability and reusability stressed in the initial design, and proven in develop-

wnt tests, will assure flight worthy hardware. Manufacturing will produce

4Rtel_ fli_.t vehicles to meet the flight acc_plishment requirements. (Ref.

Vol. _, Book 2, Section 2. ) Msnufacture of the flight articles is described

in Section _.1.2, together with the production flow for test, integration,

insulation, and checkout.

W



4.1.2 Manufacturing Schedule and Flow

The manufacturing schedule is based on the Production Schedule, shown in

Section 1.3, which is the basis also for the manufacturing flow charts, lead

time set-back charts, and first tool usage requirements.

The manufacturing flow schedule shown in Figure M-2 begins with Engineering

design effort at ATP, and defines the sequence of activities by Procurement,

Planning, Toolingand Manufacturing through detail fabrication, subassembly and

assembly, integration and installation, through final checkout and preparation

for shipment. Major inspection points such as proof and leak check are also

shown in this chart.

The Peak Rate Tree Chart Presented in Figure _-S shows both detailed

manufacturing steps and the units in flow at peak production rate. This chart

is the key document that establishes individual unit timing and line position

dl&ring peak manufacturing rate, and was established by analyzing both tooling

and machinery capabilities and the elapsed hours required to maintain a full

line at peak rate. When these data are organized into a logical work flow

plan, the resulting chart establishes the baseline for manufacturing buildup

and factory output to support NASA delivery milestones.

Additional detailed manufacturing sequence flow charts are contained in the

Manufacturing Plan which follows in Section h.l.3. Purchased components and

fabricated details are shown in sequence of manufacture from raw material through

various stages of processing and assembly to the final checkout position.
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4.1.3 Manufacturing Plan

The manufacturing plan outlined in this section is structured as follows:

• Fabrication and Subassembly (structures) plen and Flow Plans.

• Tank Bonding and Insulation plan and Flow Plans

• Final Assembly and Final Joining Plan and Flow Plans

• Propulsion Fabrication andSubassembly Plan and Flow Plans

• Avionics Fabrication and SubassemblyPlan and Flow Plans.

• Production AcceptanceTest Plan

A descriptive narrative of the manufacturing approach for each of the above

noted manufacturing tasks and the manufacturing flow plans are delineated in

the following sections and in the same numerical order above.

4.1.3.1 Fabrication and Subassembly Plan (Structures)

The fabrication and subassembly requirements for the manufacture of the

structural components comprisingthe space tugare state-of-the-art and will

not require the development of unique manufacturing processes. Low cost

"soft" tooling i.e., layout templates, router/blocks, drop hammer dies, etc.,

will be used extensively where practical. The LH 2 and the LO2domes will be

subcontracted to a vendor that currently has the capability to manufacture a

one piece dome. In order to accomplish this task in house the program costs

would be higher, ergo the low cost requirement would not be met. The forward

frame and the intertankframes will also be subcontract items to a vendor

that specializes in this type of manufacture and is low cost oriented.

t

The fusion Joining of the LH 2 tanks and the LO 2 tankswill be accomplished

using the latestTig welding techniques. Note: The welding process employed

in the manufacture of the space tug LH 2 and LO 2 tanks is fully discussed in

Section 4.5 Summary Analysis/Philosophy.

The manufacturing requirements for each of the space tug components are out-

lined in the space tug _abrication flow plans, see Figure _-_ thru _-8."
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h.i.3.2 Tank Bonding Plan

The tank bonding and insulation plan for the bonding of the insulation and

the Kapton purge bag stand-offs is delineated in the space tug fabrication

flow plan see Figure _-9 . SIVB technology and new bonding processes

currently being developed in-house will be implemented into the tank bonding

and insulation plan. The Dlastic stand-off's will be bonded to the tank wall

an@_mmmm,[%he_eulti-layer insulation (MLI) will be fitted to the tank and

will De pierced by the plastic standoff's and bonded to the tank.

h.i.3.3 Final Assembly and Final Joining Plan

The final assembly and final Joining line sequence flow are outlined in the

Final-Assembly/Joining flow plan see Figure h-10 . The LO 2 and the LH 2

tanks are built-up as modular assemblies in the horizgntal mode. The LO 2

and the LH 2 subassembly Jigs are then mated per leader pins and index points

and the final joining, installations, and checkout are accomplished. After

Joining, checkout, integration etc., the space tug is emplaced into a handling

fixture for installation of final closeouts. The interface requirements are

verified per a master fixture, the center of gravity of the vehicle is

established and the completed vehicle is bagged and prepared for shipping.
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4.1.3.4 Propulsion System

The major components which comprise'the LO 2 and LH 2 propulsion ducts systems

are as follows:

i.

2.

3.

4.

5.

6.

7.

LO 2 Feed Duct and Sump Assembly

LO 2 Fill and Drain Duct

LO 2 Emergency Dump Duct

GO 2 Vent Duct

LII2 Engine Feed Duct

LII2 Fill and Drain Duct

GH 2 Vent Ducts

The external portions of all the ducts are 30hL corrosive resistant steel

(CRES) tubing with approximately 0.030 inch wall thickness. That portion of

the duct which passes into the tanks will be 2219 aluminum. Master tooling

parts (MTP's) will be developed for each duct to furnish the required

manufacturing data for fabrication and weld assembly.

Each duct will be manufactured and tested as an integral unit. Upon instal-

lation, each duct system will be subjected to simple leak tests prior to

system checkout. Manufacturing requirements are currently state-of-the-art.

The pneumatic system for the Space Tug is presented in Section 4.1.3.4.8.



h.l.3.h.l LO 2 Feed Duct and Sump Assembly .

The LO 2 feed duct is approximately _ feet long, formed to connect the LO 2 tank

wlth the engine. The duct assembly is made from four different segments of

2 inch diameter tubing with 3 flex gimbals and 2 flanges. _The material is

30hL corrosive resistant steel. (see Figures _-llthru h-13 )

The sump assembly is approximately 15 inches in diameter at the tank attach

flange and has a 2-inch nominal diameter flange on the duct end and is about

15 inches overall. The sump will be made from a "closed die" forging, which

will only need minimal cleanup and attach hole drilling prior to assembly

with the flange. The material is 22.19 aluminum.

The welding operations will be present state-of-the-art. TIG welding

processes will be used for the duct, with automatic TIG tube welding equip-

ment, when applicable, typical for both steel and aluminum.

Handling fixtures will be furnished for protective moving, insulation

application and storage. The size of the assemblies will allow hand

pickup and no slings are anticipated. The flex gimbals will be purchased.

t
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LH 2 TANK

I

a)

LO 2 TANK

SUMP (ALUM)

ENGINE

PRE-VALVE (FLANGED)

2'" I.D. CRES DUCT

GIMBAL (3 REQD|

1t'

LANGE

Figure 4-11 LO 2 Engine Feed Duct
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4.1.3.4.2 LO 2 Fill and Drain Duct

The LO 2 fill and drain duct consists of a short corrosive resistant steel

(30bL) flex section, and an aluminum (2219) line that interfaces with the

CRES flex section and is welded to LO 2 tank aft dome and extends into the

IX)2 tank to approximately the aft centerline. (See Figures M-IM thruM-16)

The flex section is made from 2-inch diameter tubing with two flex bellows,

two flanges and a fill/drain valve. The CRES flex section is about 16 inches

long. The aluminum section is made from 2-inch diameter formed tubing with

a single flange which interfaces with the flex section. The aluminum section

will be welded to the aft LO 2 tank dome during tank assembly.

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, when applicable.

Handling fixtures will be furnished for protective storage. No slings (HFH)

will be required, as hand pickup is adequate. The flex bellows and control

valve will be purchased.

@
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LH 2 TANK

LO 2 TANK

I

Q

FLANGE

(TYP)

2" I.D. CRES DUCT

BELLOWS (2 PLACES)

LO 2UMBIL PANEL (REF)

MOUNTING BRACKET

(TYP}

2" I.O. ALUM DUCT

LH 2 UMBIL PANEL (REF)

VALVE

(FLANGED)

Figure 4-14 LO 2 Fill/Drain Duct
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4.1.3._.3 LO 2 Emergency Dump Duct

The LO 2 emergency dump duct is approximately 8-feet overall. The duct consists

of a corrosive resistant steel flex section and a short aluminum section that

will be welded to the LO 2 tank. The flex section is made from 3-inch

diameter tubing with six flanges, two flex bellows and two control valves.

(See Figures _-17 thruk-21).

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, where applicable.

Handling fixtures (HF) will be furnished for protective moving, wrapping

insulation and storage. The flex sections will be picked up by hand and

only one sling (HFH) will be furnished to hoist the complete flex section.

The flex bellows and the dump valves will be purchased.

t
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J

LO 2 TANK

DUCT

ALUM

FLANGE

.LOWS

P

LO 2 UMBIL PANEL (

FLANGE

3" I. D. CRES DUCT

DUMPVALVEIFLANGEO)

(2REQD)

._LH2UMBIL PANEL(REF)

I. D, "'Y" DUCT, CRE$

Ir

o

Figure 4-17 Emergency Dump Duct
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h.l.3.h.h GO2 Vent Duct

The gaseous oxygen vent is approximately 15 feet long, formed to connect the

I_O2 umbilical to the forward centerline of the LO 2 tank. The forward end of

the duct is divided into a "Y" shape with two flanges to attach to the two

¢ent valves. The duct assembly is made from 2 inch diameter tubing with two

flex bellows, 3 flanges and two vent valves. The material is 30_L corrosive

resistant steel. (See Figures M-22 thru _-2h )

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

Handling fixtures (HF) will be furnished for transportation, insulation

wrapping and storage. The assembly will be picked up by a handling fixture

sling (HFH), to simplify handling. The flex bellows and vent valves will

be purchased.

t



I

LH 2 TANK

2" I.D. CRE$

DUCT

2" I.D. "'Y" DUCT, CRES,

VENT VALVE +.FLANGED)

(2 REQO)

MOUNTING

8RAC

(TYP)

BELLOWS ENT

INTAKE

LO2TANK

W

8E 2 EMERGENCY DUMP DIJCT (REF)

FLANGE

LO 2 UMBIL PANEL (REF)

LH 2 UMBIL PANEL (REF)

Figure 4-22 GO 2 Vent Duct
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h.l.3.h.5 LH 2 Engine Feed Duct

The LH 2 engine feed duct, with the _xception of a small single-walled duct aft

of the pre-valve, is vacuum Jacketed. Vacuum Jacketed ducting is within our

manufacturing capability, however a cost tradeoff will be necessary to determine

if we should make or buy the vacuum Jacketed ducting. (See Figure _-25 thru _&27)

The LH 2 engine feed duct consists of three sections, refer to illustration:

Section A includes the pre-valve and extends to the engine connection_ This

section is of single-wall construction, insulated with wrapped m_lar or equiv-

alent materials, Section B extends from the LH 2 tank sump to the approximate

half _Zhof the LO 2 tank. This section is double-walled, vacuum Jacketed

construction. Section C extends from approximately the IX)2 tank half breadth

to the pre-valve. This duct section is also double-walled, vacuum Jacketed

construction. All three sections will use 304L corrosive resistant steel

tubing. The flex bellows, pre-valve, burst disks and vacuum fittings will

be purchased.

The vacuum Jacketed duct sections will require more complex weld fixtures than

the single walled ducts, and a precise sequence of assembly must be followed.

Each duct section will be proof and leak tested individually and after they

are assembled, a simple leak test is required to assure the interface sealing

reliability.

@

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable,

llandling fixtures (HF) will be furnished for transportation and storage. The

large assemblies will be pickedup by handling fixture--holst (HFH) to prevent

damage to the assemblies.
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LH2TANK

S

(ALUM)

FLANGE

• IIELI

Q INSIDE

(_IOUTSI E.D

LO 2 UM|IL PANEL (REF

LH 2 UMBIL PANEL IREF)

LO 2 TANK

RACKET

SEPARATORS @

2-I/2" I.D. CRES DUCT
(VACUUM JACKETED)

INSIDE TUBING CIF
OUTSIDE TUBING CIF

EUPPORT BRACKET

BURST DISK (_ (_
114 VAC FTG'_ "_

FLANGE

2-1/2" I_. ORES OUClr
|VACUUM JACKETED}

ENGINE PRE.VALVE (_(FLANGED)

BELLOWS (3 REQD)

2-I/2" I.D. CRES DUCT f_

ELBOW 90°S(_

LANGE STRAIGHT

ELBOW 45 °

fl

F'igum 4-25 LH 2 Engine Feed Duct
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4.1.3.h.6 LH 2 Fill/Drain Duct

The LH 2 fill/drain extends from the LH 2 umbilical panel up to and into the

LH 2 tank. The duct is composed of many subassemblies ,_hich will make up ten

(lO) complete sections, as follows:

Aft "Y" section (D_
k_/

Forward "Y" section (F)

Inboard flex section

Outboard flex section _

Forward vacuum Jacketed section

Aft vacuum Jacketed section

Inboard tank penetration (L) (aluminum)

Inboard tank penetration Q (aluminum)

Outboard-inside flange extension into LH 2 tank _ (aluminum)

(See Figure No. h-28 th_m_ _-36 ).

The ducts will be made from 3046 corrosive resistant steel tubing, except that

any duct which penetrates and/or extends into the LH 2 tank will be 2219 aluminum

tubing. The flex bellows, valves, burst disks and vacuum fittings will be

purchased. _e vacuum Jacketed duct sections will require more complex weld

fixtures than the sinMle walled ducts, and a precise sequence of assembly

must be followed.

Each duct section will be proof and leak tested individually after assembly,

while a simple leak test is required to leak test the interface sealing.

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

@

Handling fixtures (HF) will be furnished for transportation and storage. The

large assemblies will be picked up by handling fixture-hoist (HFH) to prevent

damage to the assemblies.



LH 2 TANK

I.D. ALUM
DUCT

MOUNTING

BRACKET

(TYPI

t

BEt

(2 REQD) •

2" I.D. CRES DUC1

S!JIqN)RT BRACKET

(OUTER SHELL MOUNTED

LANGE

I.D.

CRES DUCT

BELLOWS (2 REQD|

VALVE (FLANGED)

(3 REQD)

2" I.D. CRES "Y" DUCT

(2 REQD)

2" I.D. CRES

(VACUUM JACKETED)

BELLOWS

/

LO 2 UMBIL PANEL (REF)
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LH 2 UMBIL PANEL (REF)

LO 2 TANK
4

Figure 4-28
LH 2 Fill/Drain Duct
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4.1.3.4.7 GH 2 Vent Ducts

The GH 2 vent system consists of 2 separate sections, namely the vertical and

horizontal sections. The vertical section extends from the hydrogen umbilical

to the forward centerline of the hydrogen tank. The horizontal section connects

to the forward end of the vertical section and extends along the hydrogen dome

to the upper side while in a horizontal position. The vertical section is

approximately 30-feet long, while the horizontal section is approximately

9-feet long. Both sections consist of flanges, flex bellows, and 2-inch

diameter tubing. The forward end of the vertical section has three flanges,

with two flanges attaching to vent valves and the other to the horizontal

section_ (See P_gure _-37 thru_-_O)

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

Handling fixtures (HF) will be furnished for protectively moving, insulation

wrapping and storage. A handling fixture hoist (HFH) will be furnished for

the vertical section, however the horizontal section will be picked up by hand.

The flex bellows and valves will be purchased.
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INTAKE

OUTLET

DIFFUSER
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h.i.3.1_.8 Pneumatic (Helium) System

.The pneumatic system consists of t_'tanium storage bottles filled with helium

and with i/h inch and 1/2 inch diameter tubing connecting the bottles to

control valves for the following systems:

LH 2 Feed

LH 2 Fill and Drain

GH 2 Vent

LO 2 Feed

LO 2 Fill and Drain

LO 2 Emergency Dump

GO 2 Vent

The tubing will be thin-walled corrosive resistant steel (30hL) and will be

brazed (or welded) in place, upon installation. The lengths and bend radii

will be controlled by bend radius templets (BRT).

The pneumatic systems for the various configurations will be very similar

except for the location of the pressure bottles, and resulting plumbing

requirements. The ambient configuration bottles are located on the thrust

structure, while the "cold" configuration bottles are located in the LO 2

tank. The cold configuration requires a helium heater at the umbilical, with

additional plumbing.
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h.i.3.5 Avionics Fabrication, Assembly, and Installation

The avionics fabrication, assembly and installation manufacturing concept is

based on the use of modular electrical/electronic units. Typically, a module

consists of a housing with 5-layer thick film hybrid assemblies, state-of-the

art at MDAC, connected by a 4-layer flexible printed wiring harness. The

modules are mounted on baseplates with an interconnecting wire harness to

comprise a complete testedunit ready for installation on the vehicle support

structure. Purchased assemblies will be adapted to the support structure by

fabricated mounts. Instrumentation transducers that are integral to the

vehicle structure or other subsystems will be installed during the relevant

assembly operations. All other transducers, electrical/electronic units and

interconnecting cable assemblies will be installed during and after final

assembly of the vehicle. Items comprising the avionics subsystem are

tabulated below.

@

Quant itv

5O

lO

1

1

1

1

1

6

?

2

i

i

1

unit Quantity

Interconnecting Cables i

MIU's i

Data Control Unit i

PCM Formatter 1

GSE/ORB I/F Unit 2

Spectrum Converter 1

Computer 1

Instrumentation Power 1

Supply
1

Startracker - Strapdown 1

IMU - Tuned Rotor

Mod/Demod Processor 1

OMNI - Directional 200

Antenna

Microwave Circuitry
Installation

Unit

RF MUX

SGLS/USB Transponder

CMD Decoder

COMSEC. Equipment

Tape Recorders

High Gain Antenna

AGZU Primary Battery

NICAD Backup Battery

NICAD Backuu Battery

Power Dist. Assembly-

Hybrid

Power Amplifier

Transducers

The manufacturingand assembly concept will require minimum tooling. The

manufacturing flow plans for the avionic components are depicted in Figures

4-41 and _-42.



"I- ..J

D

T

W
I-

f
Z

m::)
,_O
u.Z

r,-
O

I -- z
¢J D,,,_o
n- ¢j ,I-

w

a: >-

,J_;

o_

1
u_

_w z

•-; w

T
u,;

¢J

0
w_-

_,,,,I
a:O

J i

w
I-
CQ
_w m

1

I

f

' !S_oo

l

O

F-

O ,j

_._z

..J

,.3

(J

h-

w
.J
w

_d

"1-
(J

:3

Z
O

O .J

_.z

__L_
:D I-
0 '_

w_'_

f
ID

T

_,,,,
w_

1

¢_ I- -I

Ez_

&



O

z
0

I--

,J
0 .J

o.<C

L

W

I-

.jO

(.)z
zo
uJo

I-
u'J
w
),-

IJJ

t/)

0

o. tJ

¢n

om

U

I-
t,-

o

p,

M,.



4.1.3.6 Production Acceptance Test Plan

MANUFACTURING IN-PROCESS TESTS - STRUCTURAL/MECHANICAL

Tank Structures

Propellant tanks will be proof and leak tested after basic assembly, but prior

to further buildup. Each individual tank assembly will be connected to a

hydrostatic test facility where it will undergo a proof pressure test.

The LH 2 tank will be filled with water while simulataneiously submerged with water

in an outer tank to prevent over-stressing of the aft dome due to static head

pressure of the internal water. All LH 2 tanks will be tested with a uniform

differential pressure in this manner.

The LO 2 tanks will be tested in the same facility, but will not be submerged

during the test.•

Structural integrity historical data formation will start at the time of tank

proof tests by the real time monitoring and recording of acoustical emissions

eminating from minute plastic deformation and fractures occuring upon initial

pressurization. Emission quantity and rate recorded during the pressurization

cycle will serveto uncover trends in structural weaknesses, and provide a real-

time analysis of potential failures. Automated data handling will permit on-

going interpretation and warning during the proof test cycle should crack

growth rates exceed a predetermined level. Permanent test records will then

provide a data base to be used in subsequent test result correlation.

During Tug mid-life refurbishment operations, additional static pressure tests

will be performed with further examination of acoustical emission data. This

data will be correlated with the initial proof test data, enabling a more

thorough structural integrity evaluation and life forecast per stage.

Initial leak tests will be performed on each tank assembly after proof tests.

All leak testswill be done pneumatically using ambient gaseous helium as a

trace gas with the test pressure not to exceed a h:l design burst ratio. All

weld seams and each thro_h fastener will be checked for leakage. Leak detection

will be by the use of portable helium sniffers with clearly defined go, no-go

acceptance requirements.

I

4h



o

4_

O

Tank leak checks will not be done during mid-life refurbishment unless the

tanks are s_pped of all insulation and sufficient reason exists.

Pneumatic Installations

Each pneumatic duct, line, and component Joint will be leak tested after assembly

with gaseous helium, pressurized to expected operating pressures except where

some segments may exceed a h:l design burst ratio. No pneumatic testing will

be performed at less than h:l unless sufficient shelter and shrapnel screening

is provided.

MANUFACTURING IN-PROCESS TESTS - AVIONICS/POWER

Electronic Assemblies

Electronic black box subassemblies (PCB's, thick film substrates, etc.) will be

tested on existing government-owned automatic testers. Boards will be tested

prior to and after conformal coating. Specialized test programs will be developed

to thoroughly exercise each circuit and interrelated components prior to next

assembly.

Final black box assemblies will be tested after all assembly operations are

completed to ensure operability within go, no-go acceptance limits.

Fuel Cells

Fuel cells will be tested upon receipt from the manufacturer in a specially

designed facility to safely distribute, control, and vent hazardous gases.

High purity oxygen, hydrogen, and nitrogen will be required to facilitate

checkout. Adequate safeguards and procedures will ensure minimum risk to

personnel and equipment during operations. Fuel cells will be functioned again

after installation as a part of the Tug vehicle final checkout.

Ma_or Subco_tractorHardware

Flight articles produced by a major subcontractor will be acceptance tested at

the supplier prior to delivery. In-plant checkout capability will be necessary,

however, to fault isolate subsystems to the black box level in parallel with

vehicle checkout. Supplier system test sets may be required if practical.

Refurbishment

Intermediate and final checkout will be performed on all factory refurbished

or modified vehicles in a similar manner as the initial factory checkout.



Additional testing may involve specialized modification/rework tests not normally
done in the initial checkout. Such tests are evident where structural modification

rework tests not normally done in the initial checkout. Such tests are evident

where structural modification or repairs are necessary. Remote site acoustic

emission evaluation of tank quality is also anticipated. A very minimumof accep-

tance tests or refurbished vehicles would be a repeat of the original factory
final checkout.

Data accumulated will be statistically comparedwith original and mission perfor-

mance data to assist in the quality evaluation for future refurbishment duty

cycle rework requirements.

Ma_or Subcontractor Hardware

FACTORY CHECKOUT - TUG VEHICLE

Final system checkout will be as thorough as practical prior to shipment of

each Tug vehicle from the factory. Launch, mission profile, and recovery

operations will be simulated as close as practical in a factory ambient environ-

ment to exercise all on-board functional systems without actual propellant loading.

Checkout will be performed to go, no-go limit criteria controlled from manufac-

turing GSE. This checkout will in part simulate the launch checkout prior to

launch.

All test operations will be performed by automated computer controlled GSE with

go, no-go analysis displayed and printed on reproducible hard copy. This factory

checkout GSE will be of similar design as the launch site GSE. Primary differences

in factory checkout and launch checkout will include additional data recording

at the factory to establish certain instrumentation calibration bases for mission

purposes, payload simulation, more thorough leak rate evaluation, and the obvious

absence of flight propellants.

Initial test program software will be developed and proven in the Integrated

Avionics Test Unit (IATU) prior to first vehicle application. Subsequent software

configurations will likewise be routinely verified in the final checkout position

or offline prior to use.

6



Test involving the use of gaseous hydrogen and oxygen to activate on-board fuel

cells, will be conducted in strict accordance with OSHA regulations. Activation

will be through ground test connectors which must be isolated from the main on-

board tank system to prevent accumulation of large quantities of hazardous _ases

in a single area. Monitoring safety equipment will be necessary.

w



h.2 TOOLINGREQUIREMENTS

Tooling requirements generated by the fabrication and assembly flow plans previously
outlined in Section h.l.3 are presented in the followin_ list, as are the tools

needed to produce and/or modify items of Ground Support Equipment used for factory

checkout. Tooling abbreviations are defined in the glossary of definitions.

TOOL TOOL TOOL

DESIGNATIONS NO_CLATUEE DESIGNATIONS

AJ Assembly Jig MF

AT Apply Templet MMT

ATP Auxiliary Tool Production 5_

BJ Bonding Jig _P

BRT Bend Radius Templet NMT

CT Contour Templet PLM

DD Draw Die PMT

DJ Drill Jig PT

FB Form Block PTE

FDH Form Die-Hammer RB

FDS Form Die-Swage SFB

HF Handling Fixture SWF

HFH Handling Fixture-Hoist TEA

LF Lathe Fixture TJ

LT Layout Templet WF

MCM Machine Control Medium WJB

TOOL

NO_NCLATURE

Mill Fixture

Master Masking Templet

• Masking Templet

Master Tooling Part

Negative Masking Templet

Plastic Laminating Mold

Positive Masking Templet

Profile Templet

Production Test Equipment

Router Block

Spin Form Block

Spotweld Fixture

Test Equipment Accessory

Trim Jig

Weld Fixture

Wire Jig Board

4
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4.3 FACILITIES

Detailed analysis and evaluation of program facility requirements to support

a minimum cost DDT&E effort and low, early-year funding for Option 1 has

determined that existing MDAC facilities can be utilized for most requirements.

This evaluation was based on a "bottoms up" analysis of operation's require-

ments for manufacturing, test, integration, and checkout, and program needs

were then matched against lists of existing modified, and new facilities.

The basis for final determination was the availability and compatibility of

identified items, and the predicted cost of supplemental equipment and

modifications for adaptability.

Production facilities were evaluated using the horizontal mating method as the

preferred approach. Facilities identified are not configuration sensitive, and

cost alone was not the sole determinant in the selection of support equipment.

h.3.1 Manufacturing Facilities

Manufacture, assembly and checkout of the Space Tug will be accomplished at

the McDonnell Douglas Astronautics Company (_DAC)facility in Huntington Beach,

California. This facility was so planned and designed from its inception as to

provide fully integrated capabilities for the production of space vehicles.

Buildings include provisions for engineering and administrative offices, a

Systems Integration Laboratory, Structural Test Laboratory, Space Simulation

Laboratory, Production Test Laboratory, a manufacturing and assembly building,

insulation building, a final assembly and checkout building, and other service

and support facilities.

During development and production of the Space Tug, maximum utilization will be

made of existing MDAC and government-owned facilities used on the Saturn S-IVB

program and the Orbital Workshop. Full program support will be provided by

existing machine shops, sheet metal shops, processing equipment, electrical/

electronic fabrication and assembly facilities, and supporting inspection

and test laboratories.

A preliminary list of additional facility requirements identified at this time

for each of the configurations is shown in the table in Section 3.1. Also

included are tentative costs and estimates of procurement lead times. A



i00,000 class clean room for final assembly is listed in these requirements

to satisfy contract requirements.

_.3.2 Test Facilities

Existinglaboratories andfacilities at MDAC in Huntington Beach will be

utilized for production testing and checkout operations. Little or no

modification of these laboratories will be required for Space Tug program use,

as these facilities were designed for use on space vehicle hardware and

assemblies.

Propulsion Test Vehicle (PTV) tests will beconducted in test cell J4 at the

AEDC facility in Tullahoma. This test cell will provide the altitude simula-

tion capability lacking in the test facilities at Huntsville. Thermal tests

of the Vehicle will be accomplished in the NASA high-vacuum facility,

utilizing an existing scaled-down and instrumented tank that will fit the

15 foot diameter chamber. These government facilities are available for

program use at no cost or at a nominal fee, depending on the using agency.

q



.4 SPECIAL REQUIREMENTS

The special requirements of the space tug manufacturing are as follows :

o Fabrication of single piece LH 2 and LO 2 domes.

o Manufacture of thin graphite epoxy skins. New technology required

to develop tape cross-section reducing process and equipment to

manufacture tape economically.

o Bonding of thin skin graphite epoxy to aluminum honeycomb. The bridging

of the thin skin graphite epoxy across the aluminum honeycomb cell affects

the structural integrity of structure.

h.5 SUMMARY - ANALYSIS/PHILOSOPHY

i

This section contains the analysis and philosophy engendered into the Space Tug

manufacturing plan.

_.5.1 Analysis

The analysis of the Space Tug manufacturing plan illustrates the following

requirements were achieved:

o Low cost DDT&E.

o Manufacturing methods and processes employed are state-of-the-art.

o Low tooling costs--standard tools and "soft" tooling utilized to the

maximum.

o Low early year ftmdlng required to accomplish the manufacturing

requirements.

o Cost effective production with high reliability.

o Manufacturing rate is compatible with the scheduled delivery requirements.

4.5.2 Philosoph[

The philosophy engendered into the Space Tug manufacturing plan is motivated by

the following requirements:

4



o 0.97 reliability factor

o Low cost DDT&E

o Reusable vehicle

o Recycle capability

o Low program cost

o Low early year funding.

In order to meet these requirements the following manufacturlng philosophies

have been instilled into the manufacturinK plan of the Space Tug.

i. Automate where economically feasible to reduce manufacturing manpower

requirements. Areas of automation are as follows:

a) Numerically controlled machinin_ of all machined components.

b) Programmed dwell cycles for chan_e and design revisions.

2. F_sion Joining of the 502 and LH 2 tanks will be accomplished automatically

using the latest TIG welding techniques, i.e., electronics sensing devices,

closed circuit television and other monltorir_ devices.

3. The fabrication of the LH 2 and LO 2 aluminum 2219 Cass_nlan tapered

domes are purchased as single piece spin-formed domes in a T37 condition,

" machined in-house to a nominal thickness and taper them,milled.

h. Reduction of components will be the concept for this manufacturing plan.

Extruded and welded stub frames, and large sheet stock will be used.

5. Co, nonality and multi-useparts will be the manufacturin_ and engineerin_

objectives of this plan, i.e., tank supports, tank support fittinKs.

6. A tool master program will be used on all field Joints and verification

matching interfaces.

7. "Soft"tooling will be used where practical and economical.



h. 6 IMPACT OF OPTION SENSITIVITIES

The impact of the option sensitivities for the following options are delineated

in this section:

i. Programmatic sensitivity for a two year earlier IOC (Dec. 31, 1981)

2. Programatic and configuration requirements to provide 13 day

servicing mission ability for the option available at December 31, 1981.

This is for Tug ability only, no other special requirements for payloads.

For this case, optimize the Tug for a 13 day mission, with ability to

meet the minimum performance.

3. Sensitivity impacts of using ASE, Aerospike and PLI0 Cat. IV engines.

The impact of the above noted options is delineated in the following sections

an in the saue numerical order.

4.6.1 Pro6ra_natic Sensitivit_ for a Two Year Earlier IOC

The progrs_natic sensitivity for a two year earlier lOC on manufacturing are

as follows :

i. DDT&E will be accomplished on one shift basis.

2. Long lead time procurement requirements will be extended.

3. The manufacturing rate of three 2.8 per year produces peaks

and valleys in the manufacturing flow.

4. _nple facility activation time scheduled.

4.6.2 Optimize the Tug for a i F Ds_v Mission

Optimization of the Tug for a 15 day mission does not impact the manufacturing

plan.
4

4.6.3 Sensitivity Impact Usin_ ASE, Ae.rospike and RLIO Cat. IV

The sensitivity impact using ASE, Aerospike and RLIO Cat. IV does not impact

manufacturing.



_.7 OSE Requirements

This section defines the Ground Sup_rt Equilment (riSE) required for factory

checkout only. The items listed below rill be used in-plant to support

checkout operations during acceptance testing, but do not represent the total

complement of GSE required for the Space Tug program.

A schematic depicting GSE interconnection and Tug hookup for final system

checkout i8 shown in Figure k-_3 •

le

2.

31,

5.

6.

7.

8.

9.

lO,

ll.

12.

13.

15.

16.

APS Breakout Control Box

Space Tug Simulator

Spacecraft Simulator

Propellant or Pneumatic Control Console
t

Propulsion Pneumatic Console

Propellant Utilization Component Test Set

Printed Circuit Card Component Test Set

Power System Test Set

Orbiter Simulator

Signal Conditioning Unit

Guidance and Navigat£on Test Set

Guidance and Navigation System Checkout Kit

Digital Events Recorder

Data Management Test Set

Communication System Test Set

Checkout Cable Kit

FiKure

_.h6

k-_7

_-_9

_-53.

_-53

• _._

_"55

g-_5

_-57

_-59

J

W

The folloving pages identify the unique applications of the 1LJted ite_t _d

shov quantity requirements, the functional requirements, and a brief dncriptLon

of the equipment. Where applicable, the 8imilarityto eziStiz_ lte_ of other

MDAC-designed GSE L8 noted for comparison.

v

Included in the Tool List in Section _.2 are the tools required to produce (or

to modify existing) items of GSE for factory checkout tme. Refer to 8eetion

6.11.6 for a description of all operational _E required to support the 8_e

• Tug program. The percentage of revorkedand nev GSE 18 also noted, u _8 a

description of refurbishment requirements.
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APS BREAKO_2 COI_ROL BOX

FUNCTIONAL REQUIRI_4ENTS:

Provides individual electrical control of the APS thruster

valves and isolation valves for checkout.

8

W

EQUIPMENT DESCRIPTION:

Twelve cable assemblies, suitcase assembly which contains one

momentary sw., five push button indicator sw., one toF_le sw.,

six indicator lamps, two circuit breakers, one six-bank wafer sw.,

five fuses, twelve connectors, and associated wiring. (Similar

to DSV-7'I06).

FACTORY REQUIRemENTS: 1

Figure 4-44



SPACE TUG SI_._LATOR

FUNCTIONAL REQUIRemENTS:

Functionally simulates Tug electrical parameters for verification

of GSE, payloads and Shuttle interfaces.

EQUIPMENT DESCRIPTION:

3 Bay console interfacing with computer complex containing logic

cards, encoder, decoder, and load test, test point assembly,

indicator panels, logic power supply, path panel (similar to DSV-4B-

132). "
,8

FACTORY REQUIR_IENTS : 1

Figure 4-46



SPACECRAFT SI!.K;LATOR

W

FUNCTIONAL REQUIR_4ENT:

Functionally simulates Tug/Spacecraft interface for verification

of electrical parameters.

EQUIPmeNT DESCRIPTION:

Portable tester containing encoder, decoder and load test

circuits.

FACTORY REQUIRDIE_S: 1

Figure 4-46

°
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PROPELLA/;T OR PI;EVMATIC CONTROL CONSOLE

FUNCTIONAL REQUIR_EI_fS :

Controls and pneumatic regulated gas supplies for vehicle

pressurization of pneumatics and propellant systems. Used for

checkout, purge, and pressure checks and loading of pneumatics

into Tug vehicle. Monitors propellant loading and unloading.

Capable of semi.automatic or manual loading of propellants.

EQUIPMENT DESCRIPTION :

Three bay console with intercom, light and indicators, switches,

and alpha numerical display, and associated circuitry. (Similar

to DSV-hB-233. )

FACTORY REQUIR_ENTS : 1

m

Figure 4-47
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PROPULSIONPIIE'd_%TICCONSOLE
(C_C_:OU_)

FUNCTIONAL REQUIR_4ENTS:

Provide regulated gas supplies to vehicle for pressurization of

pneumatic and propellant systems. •Used for leak and functional

checks, purging, pressure draining, and application of blanket

pressures.

EQUIPMENT DESCRIPTION:

Pneumatic console such as DSV-hB-321 modified as required for

special Tug requirements.

FACTORY RE_IR_4ENTS: i

°

Figure 4-48



i-_o__°°°°._I]_

I
t
I

e--.-3

JL
I-"I

li oool

I

_oo i! o ®JJ

I

_L-

r

_J

PBOP,ELLA/_ UTILIZATION COI-_ONENT TEST SET

FUNCTIONAL REQUIRD4ENTS :

Tests and calibrates P.U. electronics assembly adjustments.

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-II2

FACTORY REQUIRI_4ENTS : 1

I

Figure 4-40
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PRIX_ED CIRCUIT CARD CO._{PO:;E_;T TEST SET

FUNCTIONAL REQUIR_4ENTS:

Tests printed clrcultcards and isolates difficulties to component

level. Provides voltages, input stimuli, and loads. Monitors

OUtputs of cards being tested.

EQUIPMENT DF_CRIPTION:

Similar to DSV-hB-10h

I* FACTORY REQUIREMENTS : i

Figure 4.50
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POWER SYSTEM TEST SET

FUNCTIONAL REQUIREMENTS:

Provide means to load fuel cells and vehicle power distribution

system. Provide ground power sources for vehicle and OSE.

emergency power in event facility power malfunction.

EQUIPNENTDESCRIPTION:

Two bay rack of electrical equipment containing two independent

programmable power supplies for vehicle power, one programmable

power supply for GSE power, and programmable loads for vehicle

power system C/O, a backup battery unit is provided for

emergency power.

Provide

FACTORY REQUIR_4ENTS: 1

Figure 4.51
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ll_nettonally simulates orbtter/_ interfaces for veri£ication or"

electrical parameters.

_JZPNDTDESCRIPTION:

Portable test set containing encoder, decoder and load test

eir_uits. Contains svitches and indicator lights.

rAO'Z'O_1'mmpJ_mqD,L,8: 1
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SIGNAL CONDITIONING UNIT

FUNCTIONAL REQIJIR_4ENTS:

Interfaces between Tug vehicle and GSE for signal and power

conditioning, and distribution.

EQUIPMENT DESCRIPTION:

Consists of a 3 bay console which contains Junction box,

(I) 1032 point patch panel assembly, (i0) isolation amplifiers,

(i) h row relay-plane, (i0) buffer amplifiers, (i) logic power

supply, and (20) connectors and associated wiring. (Similar to

DSV-3B-I33).

FACTORY REQUIR_4ENTS: i

W

Figure 4-53
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Fimwo 4.64

NAME: GUIDANCE AND NAVIGATION TEST SET

4_

I_NCTIOHAL REQ_:

Monitors and verifies checkout of IMU and GC. It provides calibration,

aiig_ent and simulation of naviption programs. Cal_bie of simulations

of eA1 flight pro_m.

EQUIPM_T DESCRIPTION:

Rate table and associated electronic bays vhich include display panel,

control panel, oscilloscope, universal counter, digital voltmeter,

interface (DIU) assembly, power supplies, digital printer paper tape punch,

test point control panel, downlink display panel, etc. (Available from

Delta Program. )

FACTORY REQUIR_._: 1



NAME: GUIDANCE AND NAVIGATION SYST_:4 CHECKOUT KIT (PICTORIAL VIEW OMITTED)

FUNCTIONAL REQUIR_ENTS:

Interfaces between Tug IMU and GC and the laboratory test

equipment. Also provides mounting of IMU to rate table.

EQUIPMENT DESCRIPTION:

Consists of IMU holding fixture and cables.

Delta Program.)

(Available from

FACTORY REQUIR_ENTS: i

q

Figure 4-56 Jl
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DIGITAL EVENTS RECORDER (DER)

FUNCTIONAL REQUIREMENTS:

Collects discrete status(on/off) data and compares data against previously

recorded information.

record.

EQUIPMENT DESCRIPTION:

FACTORY REQUIREMENTS:

Prints or tape punches output results for permanent

Slmllar to DSV-4B-28g

1 GFE

Figure 4-56
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DATA MANAGEMENT TEST SET

FUNCTIONAL REQUIREMENTS:

Controls operation of DMS computer and monitors computer status, initials program

loading and verification, performs functional verification of D_ command and

control functions, interface with other T/S for dedicated displays, verify

selected subsystem parameters as program.

EQUIPMENT DESCRIPTION :

Portable console interfacing with computer for program verification and DMS memory

dump C/O, paper tape memory loader, tape reader, DMS com_lter control and status

panel, dedicated display panel for DMS function and programmable display for other

subsystem functions (GNC, Comm, Power, and Prop.) - CRT

FACTORY REQUIR_4ENTS: i
Figure 4-57
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COMh_UNICATION SYSTEM TEST SET

FUnctional Requirements

Receives, demodulates PCM data from spacecraft, provides for output to comouter

storage, contains display for visual data monitoring of incoming signals and

routing oT data to external areas for further processing. Can be •controlled

locally or through Computer.

.__ Equipment Description

i

NOMENCLATURE

i

X-Y Recorder

Sweep'Oscillator

Signal Generator

VSWRMeter

RF Power Meter

RF Misc. Equipment

Frequency Counter

Frequency Converter

S-Band Test Transmitter

S-Band Test Receiver

S-Band FM Receiver

Payload PCM Demodulator

QTY

ix: :z: Ix_
o r_
£-, _ o

< _ RDIARKS

1

1

i

1

1

TBD

1

1

2

2

1

1

X

X

X

X

X

X

X

* "Equipment to be

* made available

at launch complex

in the event of

transmission

failures.

X Similar to DSV-

4B-123 and DSV-

4B-125

Figure 4-58
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Equipment Description (Cont'd)

NOMENCLATURE

i i

SGLS/NASA PCM Demodulator

PCM Decommutator

PRN Ranging Assembly (SGLS/NASA)

Error Rate Measuring Unit

Command Signal Conditioner (SGLS/NASA)

Regulated Power Supply

Logic Power Supply

PCM Simulator

Oscilloscope

Calibration Test Panel

Manual Control Panel

RF Switch Panel

Source Selector Panel

RF Attenuator Panel
J

Quick Loop Panel

Voice Communication Panel

RMS Voltmeter

Circuit Breaker Panel

Patch Panel

Analog Strip Chart

Bilevel Strip Chart

FM Oscillograph

Digital to Analog Converters

Galvanometer Drive Amplifiers

Factory Requirements: i

= o

QTY _ R_IARKS

i

2

2

i

2

2

2

i

i

I

I

I

i

i

2

3

i

2

i

3

3

2

80

6

Similar to DSV-

hB-2h0, DSV-hB-

238, DSV-hB-239

@

q
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NAME: CHECKOUT CABLE KIT (PICTORIAL VIEW OMITTED)

_NCTIONAL RE_IRD_I_:

PTovides interconnectsbetween test sets, vehicle, power, etc.

r% ¸_ i_

EQUIPMENT DESCRIPTION:

Consists of all cable, (power, RF, signal) required to support Tug

Unique checkout in all areas. Cable network - 70 cable assemblies (80 ft) long -

(35) 60 pin cables; (18) 4 pin cables; (5) 39 pin cables; 7 coax cables; (5) 24 pin

cables; breakout cables and general breakout box. Similar to DSV-4B-726A.

FACTORY REQUIR_4ENTS: 1

t

Figure 4.59
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Section 5

SPECIAL PROGRAMMATICS

The three subsections to Section 5 address innovations in program implementation,

management innovations, and potential govermment task sharing capabilities.

5. i PROGRAM IMPLEMENTATION INNOVATIONS

Our approach on Program Option 2, as it is for the Space Tug project, is to

minimize costs and still meet minimum acceptable performance. In the test area,

We are d, iag several things to accomplish the objectives and reduce costs, e.g.,

the first flight of Option 2 is an operational flight to place a payload into

its assigned orbit with only secondary test objectives(accomplished with added

instrumentatio_to prove out the operational effectiveness of the Tug/Shuttle

interfaces. This will eliminate a dedicated Shuttle flight for Tug test purposes.

In addition, to eliminate the ground test of the zero NPSH pressurization system,

we will fly the system and prove out its capability in space while the ambient

helium pressurization is retained aboard as backup. This will reduce ground test

costs.

In the program management area, we propose a low cost effective management approach

using available tools and techniques developed for use on DOD, NASA, as well as

commercial programs from throughout the MDC corporate family. The program

management innovations are discussed in the following subsection 5.3.

D



,.2 PI_OG_AM MANA(;I.:MI,.'NT FOR TIlE SPACE TUG PROJECT

)ii)AC's ma.uagcmcnt approach to the Space Tug project is to apply the tools aria

".,_,,_mliquesmost appropriate to ensure project control at an acceptable cost

'evel. Our approach includes reaffirming the Government's management require-

m,,nts so that we can be appropriately responsive to their needs. MDAC's

available management tools and techniques have evolved during extensive

development and use with both NAS_ and DoD programs as well as on Douglas'

commercial aircraft programs.

As demonstrated during the Space Tug Phase A Systems Study, the MDAC

management philosophy emphasizes "cost planning." This cost planning, which
i

will continue throughout all phases of program definition and beyond, will

result in cost-awareness/cost-avoidance attitudes that are essential to effec-

tive project cost control. Cost planning is not limited to the prime

contractor's role, but will extend through the working relationships to

the Government and to the suppliers to establish clear-cut cost objectives and

the management plans appropriate for achieving these objectives.

MDAC's cost-awareness/cost-avoidance philosophy on Space Tug emphasizes the

identification of and the avoidance of all unnecessary costs. This will call

for close contractor/Government working relationships and teamwork to define

and manage to only those effective project requirements. The net effect of

the application of this philosophy is to develop the Space Tug with only the

necessary equipment, material, and labor, and hence at lower costs.

Actions that highlight the MDAC low-cost management approach on Space Tug

include:

• Develop (in concert with the customer) well-defined mission per-

foznance parameters and cost objectives early in DDT&E.

• Assign highly capable personnel with applicable experience.

• Develop well-defined program plans based upon essential technical and

management requirements to accomplish the mission. These program

p!_ns will be brief and concise and directive in nature to provide

clear management direction and assessment without excess detail.

o Provide closely coupled contractor/Governmentworking relationships

including collocation of counterparts and task-sharing where effective.



k

w

• Develop specific contractual clauses that provide motivation to both

contractor and Government to achieve the lowest cost consistent with

excellence of performance and tight schedule requirements.

• Operate critical change control under strict criteria (is it func-

tionally necessary- it is cost-effective) for accept/reject

decision.

• Apply management systems responsible to the needs of contractor/

Government and provide timely visibility into potential problem areas

to avoid vulnerability to unplanned cost or schedule delays.

• • _cUl_e "Buy" items, particularly off-the-shelf material and subsys-

tems components, from lowest-cost, technically capable suppliers.

Features of several of the more crucial management systems are presented

below:

e Performance Measurement System (PMS)

The MDAC PMS is an on-line approved system currently in use on the

Air Force ACE program, the Army SAFEGUARD/Spartan and Site Defense

prog_'ams, and the Navy Harpoon program. Our experiences show that

a low-cost and effective PMS requires a realistic WBS structure,

ability to selectively apply BCWS/BCWP and variance analyses, ability

to adjust the levels of reporting and control tothe magnitude of

the cost risk represented by the WBS elements, and to provide

management reports at meaningful time intervals.

Cost-Per-Flight (CPF) Management Controls

CPF controls have been developed that are closely integrated with the

PMS and the change control system. Based upon MDAC's life-cycle-cost-

modelin_ technology, CPF provides cost goals (targets) throughout the

W_S. CFF provides continuing predictive capability for total cost,

and impact assessment, and variance projections against lower-level

hBS element cost targets as well as total project cost. Multi-

discipline specialists work closely together to develop the cost esti-

mates leading to the CPF targets. The task and functional managers

_re accountable for successful attainment of CPF goals, includ-

ing development of the options and trade analyses necessary to



recover should unfavorable variances appear. One of the keys to

achieving low-cost objectives is to understand the impact of decisions
on program costs -- a primary purpose of CPF.

Configuration and ChangeManagement(CM)

The goal of CMis to effectively define contract item configuration

and to managechange. On Space Tug, once a configuration is defined,

it iz imperative that strict criteria, by which a proposed change can
be evaluated and accepted/rejected rapidly and effectively, be

established. The configuration control board chaired by the program

managerwill use the CPFanalysis to know the impact of changes

against the CPFtargets and the cost budgets. There is a corollary
to the use of strict change criteria Which implies that to avoid

unnecessary costs, the mission requirements are well defined and
the design team can design it right the first time to minimize

change

Information Management(IM)

The most effective as well as lowest-cost IM system makes

maximumuse of informal direct communication between designated

contractor/Government counterparts for daily decision-making. This

informal interchange is backed up by the formal contractual reporting

system, which provides documentation of the key data and decision/

action items for historical reference. The contracted data procure-

ment document (DRD) and data requirements list (DRL) will makemaxi-

mumuse of internal data whever possible. In addition, MDAC's

accessioning and deferred delivery methods will offer the customer

up-to-date information on available internal documentation while

minimizing the need for routine submission of data.
Procurement Management

MDAC'sapproach to make-or-buy, source selection, and procurement
is to makeuse of existing proven industry capabilities while main-

taining focus on the CPFtargets. CPFtargets are passed on to

subcontractors and suppliers with appropriate contract incentives.

Supblier reports are integrated into our PMSand CPFproject reviews

with a minimumof reprocessing. In accord with our internal informa-

tion managementsystem, the customer will have direct access to

subcontractor/supplier data.

i



Engineering Management

MDAC'sdesign team has extensive and successful cryogenic launch

vehicle experience. A sinsle organization will perform analyses,

integration, and design tasks supported by functional specialists, as

required (tooling, manufacturing, quality, test, logistics, etc)

who are involved from project inception. Supporting this multi-

discipline team approach is the recommendation for collocating

contractor/customer/supplier representatives to encourage face-to-

face daily dialogue. Cost-per-flight targets are assigned down to

the iowest practical level of the W_S, and the design tes_ will have

specific Design-to-Gost (DTC) training. As the design concept

evolves, senior engineers will be part of the team that will review

the mission requirements, the design requirements, the detailed

specifications, and the design drawings to ensure a thorough evalua-

tion of alternatives to emphasize low-life-cycle costs, standard

parts, and off-the-shelf hardware. Critical technical performance

parameters, e.g., CPF, are selected for status reporting to provide

most-meaningful technical progress assessment. Paraneters are

tracked by time-dependent trend data or single-point events and are

measured by analysis or test with variances reported in time for cor-

rective action with minimum cost/schedule impact. In addition to the

above, the Engineering and the Manufacturing releases are closely

coordinated (Jointly signed off) before release to ensure full under-

standing and communication of each others' requirements and

intentions.

t will enable Space Tug to avoid unnecessary material and labor costs.

A. Understand the essential mission and program requirements,

In summary, application of MDAC's cost-awareness/cost-avoidance philosophy

We will:

B,

C,

specifically:

i. Technical

2. Management

3. Cost

_esign and manage to meet the essential life-cycle requirements and

the CPF targets

Test to verify design but minimize test h_rdware requirements and

testing activities.



5.3 TASKS]DIRING

A library of both NASAand Air Force facilities and capabilities has been establishe

by MDACat MSFCand documentation indexes are available. Our review of these reference

materials has identified potential areas for government task sharing on SpaceTug.

These areas are summarizedon Table 5.3-1. Tables 5.3-2 through 5.3-8 contain the

NASAand the Air Force Documentation Indexes. Table 5.3-9 summarizes the investigation
into the MSFCS-IVB Battleship Test Stand conversion. Tables 5.3-10 and 5.3-11

summarizesthe investigation into the AEDCTest Chamber capabilities. Table 5.3-12

presents a summary of the items reviewed for potential task sharing at AEDC.

-%

Table 5.3-1 GOVERNMENT TASK SHARING CAPABILITY AREAS

OBGA_IZ_TIOR RASA DOD

-,..
DF'GIG:I, DEVELOP P_OTOTYPE

X X320.03.0_ AVIONICS X

.'_;ST

320.93.0h PROPUL-S ION X X X

3_0.03.Oh PROPULS :0N X X

320.03.03 AVIONICS X X

X X

FACILITIES E_A LUATION/MODI FICATION

320.06 ?ACI LITIF_ X

M_.F,,c':TOti PI_:;::I:JG

._n. II.01

M '.'._;_:i _OTPOPT

320.11.02

X X

X X X

S_4SO

X

SPECIFIC

PLAI{NI:;G

X X

-%
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SECTION 6

COST DATA

This section contains cost estimates for each program phase {DDT&E),

production and operations) by _S element and subdivisions of work.

Also included are: funding estimates for each program phase by

_BS element; total program funding distribution; cost per flight

data; and technical characteristics data.

Since subsection 6.2 contains first unit production costs through

Level 7 for _BS 320-03 Vehicle Main Stage on Cost Data Form A(2)

recurring (production), the Level 7 information is not repeated by

itself in Subsection 6.8. Instead Subsection 6.8 is being used as

the most convenient location for the LEADER II cost model printout

for costs of each program phase and the total program, as well

as: costs for first production unit costs through Level 7; and

initial spares and operational spares costs through Level 6.

q



6.1 DDT&E PER _S ELEMENTS

This subsection contains cost estimates for each WBS element

through Level 7, as appropriate, displayed on Cost Data Form

A(1), nonrecurring (DDT_E). The definitions of each column are as

follows:

Identification Number:

to the item of cost.

WBS Identification :

item from the WBS.

The appropriate WBS code corresponding

The alphanumeric nomenclature of the

4_

_BS Level: The level at which the cost is accumulated=

Level 3

Level 4

Level 5

Level 6

Level 7

Project

System/Module

Subsystem

Assembly

Component

Expected Cost: The cost estimate for the WBS item. For

production and operations items, the WBS item cost is the

total cumulative cost for the number of unitsquantified

in the "number of units" column.

Confidence Ratin_: The value of (I), lowest, through (_),

highest, representing the estimator's confidence in the

estimate shown in the WBS item cost column. The value is

obtained by reviewing the Government criteria contained
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in Table 6.1-I and subjectively selecting the code con-

sidered to be most applicable. At summary levels the

confidence rating values are weighted averages of the

confidence ratings of constltutent WBS elements at

subordinate levels.

Td: The time in months required to perform an activity.

For nonrecurring (DDTSE) activity, the Td is the time

required from Authorization to Proceed (ATP) with Phase

C (nonrecurring/DDT6E) through completion of designs,

development, test and evaluation, which usually is at

FACI-First Article Configuration Inspection. Td for

production generally is the time from thestartof

ground system installation and test procedures veri-

fication through completion of flight evaluation

and preparation of ground system and flight vehicles

for long term storage.

Ts: The lead time in months measured from the start of

Td to the Initial Operational Capability (IOC), the launch

milestone date.

Spread Function: An index number representing a cost

distribution curve which the estimator recommends for

the time phasing of costs over the Td time span. The

index number represents the percentage of •total cost

(of the WBS item for the program phase) expected to be

expended in 50 percent of the Td time span. At summary

levels the spread functions are weighted averages of the

6-19
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spread functions of constituent WBS elements at subordinate

levels.



6.2 PRODUCTIO_ PER WBS ELE_IENTS

This subsection contains cost estimates for each WBS element through

f

Level 7, as appropriate, displayed on Cost Data Form A(2), recurring

(production). The definitions of each colum are as follows:

Identification Number: The appropriate WBS code corresponding

to the item of cost.

WBS Identification: The alphanumeric nomenclature of the
. ,u --

item from the WBS.

I_BS Level- The level at which the cost is accumulated:

P

i

i

11

_4

Level 3 - Project

Level 4 - System/Module

Level 5 - Subsystem

Level 6 - Assembly

Level 7 - Component

First Unit (TI) Cost: The production cost of the theoretical

first hardware unit. It is considered to be the y-axis inter-

cept of the learning curve on a log-log plot. The LEADER II

cost model prints out this cost under the title of "Memo TI"

for _BS 320-03 Vehicle Main Stage and subordinate elements

thereof.

4

Number of Units: The quantity of units for each WBS item

used in the production and operations phases of the program.

Expected Cost: The cost estimate for the WBS item. For
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production and operations items, the WBS item cost is the

total cumulative cost for the number of units quantified

in the "number of units" column.

Reference Unit: The production sequence number of the

first unit that is used in the recurring phase of the

program.

..

Confidence Ratin_: A value of (I), lowest, through (4),

highest, representing the estimators confidence in the

estimate shown in the WBS item cost column. The value is

obtained by reviewingthe Government criteria contained

in Table 6.2-I and subjectively selecting the code con-

sidered to be most appllcable. At summary levels the

confidence rating values are weighted averages of the

confidence ratings of constituent _,_S elements at

subordinate levels.

Reference Unit Cost: The cost of the reference unit. At

reference unit. At summary levels the cost is the

weighted average of the constituent subordinate reference

units.

T__d:The time in months required to perform an activity.

For nonrecurring (DDT&E) activity, the Td is the time re-

quired from Authorization to Proceed (ATP)/with Phase C

(nonrecurring/DDTSE) through completion of designs, develop-

ment, test and evaluation, which usually is at FACI-First
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Article Configuration Inspection. Td for production generally

is the time from PDR-Preliminary Design Release through

flight article(s} assembly and acceptance. Td for operations

generally is the time from the start of ground system install-

ation and test procedures verification through completion of

flight evaluation and preparation of ground system and fllght

vehicles for long term storage.

t
Ts: The lead time in months is measured from the start of

Td to the Initial Operational Capability (IOC). The

launch milestone date.

v

Spread Function: An index number representing a cost

distribution curve which the estimator reco_ends for the

time phasing of costs over the Td time span. The index

number represents the percentage of total cost (of the

WBS item for the program phase) expected to be expended

in 50 percent of the Td time span. At summary levels

the spread functions are weighted averages of the spread

functions of constituent WBS elements at subordinate levels.

Learning Index: A numerical index of a learning rate

related to the recurring cost, A straight line cumulative

average index is used in these calculations. At summary

levels the learning indices of constituent _BS elements

at subordinate levels.

Launch Milestone Date: The date used in conjunction with Ts.



6.3 OPERATIONS PER WBS ELEMFNTS
..... | |

This subsection contains cost estimates for each WBS element

through Level 6, as appropriate, displayed on Cost Data Form A(3),

recurring (operations). The definltionsof each column is as

followss

Identification Number: The appropriate WBS code correspond-
. m,

ing to the item of cost.

WBS Identification: The alphanumeric nomenclature of the

item from the WBS.

WBS Level: The level at which the cost is accumulated:
t

Level 3 - Project

Level _ - System/Module

Level•5 - Subsystem

Level 6 - Assembly

Level 7 - Component

Number of Units: The quantity of units for each WBS item

used in the production and operations phases of the program.

Expected Cost: The cost estimate for the _BS item. For

production and operations items, the WBS item cost is the

total cumulative cost for the number of units quantified

in the "number of units" column.

Reference Unit: The production sequence number of the
i l !
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first unit that is used in the recurring phase of the

program.

Confidence Ratin_: A value of (I), lowest, through (4),

highest, representing the estimator's confidence in the

estimate shown in the 19BS item cost colum. The value is

obtained by reviewing the Governmentcriterla contained

in Table 6.3-I and subjectively selecting the code con-

sidered.to be most applicable. At sugary levels the

confidence rating values are weighted averages of the

confidence ratings of constituent WBS elements at sub-

ordinate levels.

Reference Unit Cost: The cost of the reference unit. At

subordinate levels the cost is the specific cost of the

reference unit. At summary levels the cost is the weighted

•average of the constituent subordinate reference units.

Td: The time in months required to perform an activity. For

nonrecurring (DDT_E activity, the Td is the time reauired from

Authorization to Proceed (ATP) with Phase C (nonrecurring/

DDT_E) through completion of designs, development, test and

evaluation, which usually ks at FACI-First Article Config-

uration Inspection. Td for production generally is the time

from PDR-Preliminary Design Release through flight article(s)

assembly and acceptance. Td for operations generally is

the time from the start of ground system installation and

test procedures verification through completion of flight

evaluation and preparation of ground system and flight
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vehicles for long term storage.

Ts: The lead time in months measured from the start o_ Td

to the Initial Operational Capability (IOC), the launch

milestone date.

P

O

Spread Function: An index number representing a cost

distribution curve which the estimator recommends for the

time phasing of costs over the Td time span. The index

number represents the percentage of total cost (of the

_BS item for the program phase) expected to be expended

in 50 percent of the Td time span. At summary levels

the spread functions are weighted averages of the spread

functions of constituent _,_S elements at subordinate

levels.

Learning Index: A numerical index of a learning rate re-

lated to the recurring cost. A straight line cumulative

average index is used in these calculations. At summary

levels the learning index is the weighted average of the

learning indices of constituent WBS elements at subordinate

levels.

Launch r_ilestone Date: The date used in conjunction with Ts.

First Unit (T1) Cost: The production cost of the theoretical

First Hardware Unit. It is considered to be the y-axis intercept

of the learning curve on a Log-Log plot. The LEADER II Cost

Model prints out this cost under the title of "Memo TI" for

WBS 320-03-Vehicle Main Stage and subordinate elements thereof.



6.4 DDT_E Fundin_ Distribution

This subsection contains the time-phaseed cost estimates required

to accomp_sh the DDT_E phase of the program for each WBS element.

Funding by Government Fiscal Year is displayed on Cost Data Form-C

through WBS Level 7.

/
/



I

J

i

+

I

t

O

3, J'*
.,,, i,,.

41

G.

3' O
L,J

i,,- d'_ X
',J _:

_ U

mo _ _

z

P,o

Z

Ig

J

--'K e_
o _

.p Z

_Z

-- =g

i

)¢),'_

I _) I:,

)¢:;0

I 0 +0
• o •

)_t%l

J • •

,,,0

8, • •

,n,'l

*,uli

) .al. 0_'l

)OO

i

I
T

IJ'l i,i.' !

r _ ,,.i
i._l _..,i I

iO_l:
, ,..J ,i. ,

i_,

) • ql,!

) • •

t¢)O,

loci
) • •

) l_l 0 '

lit

_1%10

• il _l,

i aJ"i
e.i

) e.li 0 ¸

I.O,,

_,0o

IO0,

'IT
I'D

lib •

i ,J't :.#l

, I,-,. ']i,.
0

"i laJ
,,J'L

i t,J i,.I

" i,i,l _l

):_ ),_01

,.oo ,oo

l::)O )00
• • 6 • • •

I;DO )_0

)0_ IO0

iOlD lO0"
i t • I o •

)1_1t )Of,,,

) e.* O_ ) 0 I'...

ar

ell

I_.,_ ) 0 I"*

e4e.I e.O

o

ioo loo

j*)

i_i,G :_ =lii

)0¢_ )Oa
• • l • •

_:) 0(:)00

• -voiJ

..,+-a ._.,..+I
a '._ 0,..

:_ -- :' :Z "J
, ."l It .la,._O

t.-l--

i Ut. tk :T 2_ I_

) .-* t_ ,1 =r 0

.i _ .,-I ! q I,..I (_l
,_¢_

I

G_



P_

0'

_r

3.

j_ ,.,n

,4 ,(
"_L

bJ
.J

,.) ,<
-" 0-.

M
)..

U

'.n

e.
J_

p,.

"%:

I ;

_J _ I

J_ Z J
i

k.-

0.,.- L.)
,4

1,- "_

.ql ,._

z
O

,r

3.
O

Z
ell

X

U
,.j
3C

M
Z

line

t-.

t.t

0

0

_L

Z
,.Q

X

g[

U

_J

M

i

i
e • • • • •

i.

i

qb O • D e •

4

¢'_ _ ,.. ..4,

I

i o • • • •

g

• • o, • • O

t.,.,

o.e •

.l*.. 4D_. _ . ,

::)_ 0 ) 2) 01
• • • le • •

i

'o • • • • •

I

• • • • e, •

DOOO0:) e

• 0_d 44_
,q

,,0 F,,. p,- (> _ e.4 _
• • • i[, • •

O::D _ ,5_ ,:r
elet_

• • • n • •

• .i.4 d4_

4 0 ,.r'. _ ..4 _ c
• • • ) • •

7 _'q

• • • ) • •

.J
J 0

;cr

-._ .J_J" _ _

j0,-Z:,,.,r -r:_

_ : _

:) 0 =:)

)¢=_0

) ,,n'_...O

e,q

:, ,fl o,,

_ •

_ ¢=, O,

) 0 ¢:)1

0

CJ '_-J i
(.,_ i

I,-,, I

:::_:
Jq.,

• LL
,ZY:

' l_o {Lj ;

':_%L

_a,')

)=PO

) O _-._

;,00
l • •

,if

b_.P

) _-. 3.

: _r_ ,..r,

:(O(

• .,,,I 0.,.-

* ,¢_ ,,.O

D • • • • I

:,o = =.=.=.
I I O I

O e O I O O 0

e_e

• • • Ie • •
_0

• I e IO O •

O 0 OII O O

:)_) 0 :)¢= ¢_

• • • • o e

• • • • • o

ellki

"'_ Lt.

J,*') _._ , ,._ "_ _.

=._ =.=.%

• • • • • iP

u.I ._

e

1_',_ ,._._

j]r j "_ *,

p _ ,_ I_ _i_ _"_

_. _. L =. _.

o = .=. =.

o • • • •

o • • o •

. _

r) t'_

o • • • •

<'C * 0:
2"_'_ .Jr."

I

1
_1

L

4'



ill'

,'1

"t
t_

"_tL
I 0

e4,

.,_ (1[

Cj,_,

.I
_,U
C.

'-'X"

J) a.

,,,4 91"

Z

_J

t-

,n

_n

j_p..
p.

3,.,?

d=:
U
4,1J1

J1Z

ee ee
luO

..i__
i-.

,i

_L31--

llru

o,

il

i i-

0',

o i =

z
m.i ii_4

OI

u Ii
,al

Ill)=

II

liSq

• II.

ID

llll-

0

J

:,, ,.4 ],.

oi_.L
(I. : ,..i,-lq

Zr' _n.

U

G
t--
r.,

'.9
Z

_J
m

2"
0

Z

:l i:l C)

• 9 •

_oo
• • •

=_DO

:,'_ 0
D • •

=¢DO

=, _ iri

Nee

,,,0

:) 0 ::,

• • • • • •

• • II, u _ •

@ 0 • • e o

_0 =._0

•.i e_,t

4:),,.* t J_,,.e

• e • B • •

'110 T),, "* ,0 -.*

q

• • • • • •

lO0,_O0

IOC _C)_

•'° °'>. _._'.•

•

i ill .j

: ,_ .l"F

.. _. _ :_ _..,

llll _il_,I- O U I

• Ik l.i. I_k.t.

' I

• • @ I) • o,

Ioo _o¢)i

• • • • • •

:_o 12o.1

:¢_0 )OOl

• • • • • • i
I

lf_O i_¢_q

liO0 i_O(
iI. # i) i. I •

I • • • • *)

)lr)cD )o o,
• • i • .e

)00 lOCal
• • e D • •

)00 lO0_

>_. >=o,

Ii *Z_Z )-'

• *=l,J 0--_

,0.. u. :i; '.n ,n,_

Ns7

• • I) o •

• • o • • •

• • • • • •

• • • • • •

• • • • • o

_J

_. ,.1 ,_ UL _"

,",o :_ Oi

4 I,.,I e.q .'_d l/ i,,,4 _

I

llolil

oloooo

• • • D • •

eOODO. O

OOODO0

DOiOOO

q, • • D • •

eeeloo

oo_oee

OOODeO

OOOOOO

oliloi

_0_)00
IOOlOl

Oooimo

_,/_ t

IA

D

I



I
• I

i
• i

• • el • • •

.

I

• • • Io • •

I
I

• I

• • e • • •

) • • • • • • • • •

i

0
e

e

)

)

-i

1

I
I
I
I
I

I
I



 i!ili

I

i

_00 =)

_0_ :)

• • • •

o • • •

• • • _.

•e • • I •

:)00

• • O I

;=-°- t

_,_ ,_



6.5 Production Fundinq Distribution

This subsection contains the time-phased cost estimates to accomplish

the Production phase of the program for each WBS element. Funding

by Government Fiscal Year is displayed on Cost Data Form-C through

WBS Level 7.
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6.6 Operations Funding Distribution

This subsection contains the time-phased cost estimates required

to accomplish the Operations phase of the program for each _BS

element. Funding by Government Fiscal Year is displayed on Cost

Data Form C through WBS Level 6, except for recurring software

for the Data Management Assembly (_qBS 320-03-03-01-05) which is

reported and funded at Level 7.
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6.7 Total pro@ram Funding Distribution

This subsection presents summary charts for the following WBS

elements=

WBS No. Level Identification

4_

320

320-03

320-0_

320-07

320-08

320-03-01

320-03,-02

320-03-03

320-03-04

320-03-05

320-03-03'

3

4

q

4

5

5

5

5

5

5

Total Space Tug Pro_ect

Vehicle Main Stage

Vehicle Auxiliary Stage

Ground Support Equ%pment

Vehicle Test

Structures

Thermal Control

Avionics

Propulsion

Orbiter Interface

Final Assembly and Checkout

Each summary chart highlights the relationship of cost estimates

to technical characteristics and schedules. It also presents

an overview of the funding annually and cumulatively by Govern-

ment Fiscal Year.

No summary chart is presented for WBS 320-03-06 - Drop Tanks, since

no drop tanks are required or costed for this program option. •

_&-70
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6.8 First Unit Production Cost per WBS

It is understood that the intent of this subsection is a presen-

tation of first unit production costs through WBS Level 7. Since

these costs are presented as part of Cost Data Form-A (2) recurring

(Production) in subsection 6.2 above, reference is made to that

subsection rather than merely duplicate the Level-7 data in this

subsection.

Instead, this subsection is being used as the most convenient

location for the LEADER II cost model printout for costs of each

program phase and the total program, as well as costs for first

production unit costs through Level 7, and initial spares and

operational spares costs through Level 6.
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6.9 Cost Per Fli_ht.

Cost per flight values have been calculated and are reported

accordance with letter No. PD-TUG-P(015-74), dated 3 August

1973, from the Chairman, Programmatics/Cost Panel to the COR's. The

costs per flight are presented by Agency (._IASA/DOD) and by Flight Mode.

Since no DOD flights require either an expended Tug or an ex_ended

auxiliary stage, no DOD cost per flight sheets have been included

for '_ode-2 and '_od'3.



Table

MODE I Reusable Basic ._t_ge. .

LAUNCH OPERATIONS

Tug/Shuttle mating and checkout

Tug/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTF21ANCE ABD REFURBIS}_4LNT

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug engine maintenance and refurbishment

Tu 6 vehicle spares

Tug engine spares I

Post maintenance checkout

Refurbishment requirements planning

Depot maintenance

AVERAGE COST PER FLIGIIT

$ 36,592

59,066

. hh,06_

69,671

ii 1 6,478

56,628

132,8l_

$__/_73T36

__22 01.5.

12,923

'i, i

35,696

7 _I,29

5,618

16,i653

106,023 .

AGENCY NASA

PROGRAM OPTION

$ 280,i_2

TOTAL GROUND OPERATIONS (Launch and Maintenance and Refurbishment) $ 68_,1.h 7

$ 51,000

78_000

53_000

22,000

10,056

15,855

32,298

29,671

l,h0h

21,155

3,715
i

14,56l

$ 2Oh,000

$ z28,Tz _ "

$ 0

$ 0
i

FLIOI_ OPERATIONS

Mission planning

Flight control

Flight evaluation .

Flight software

OPERATIONS SUPPOFr

Airborne software update

C_SE maintenance

Sustaining engineering

Program management

Transportation andhandling

Inventory control and warehousing

Facilities maintenance

GSE software update

EXPENDABLE VEHICLE MAIN STAGE

EXPENDABLE V_IICLE AUXILIARY STAGE

i

$

TOTAL AVERAGE PER FLIGIIT COST $II018.1Ko

/,- IO=l



MODE

Table

2 Expended. Tug

AVERAGE COST PER FLIGHT

LAUNCH OPEHATIONS

Ttk_/Shuttle mating and checkout

T_/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINT_{ANCE _D REFURBIS}_.tF_T

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug eng, ine maintenance and refurbishment

Tug vehicle spares

Tug engine spares

Post maintenance checkout

Refurbishment requirements planning

Depot maintenance

$" 36,592

59,066

hh,065

69,671

6,h78

56,628

132,815

$

TOTAL GROUND OPERATIONS(Launch and Maintenance and Refurbishment)

FLIGHT OPERATIONS

Mission planning

Flight control

Flight evaluation

Flight software

OPERATIONS SUPPO_f

Airborne software update

GSE maintenance

Sustaining. engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

$ 51,000

78,000

53,000

22,000

$ 10,056

15,855

32,298

29,671

l,h0h

21,155

3,715

ih,561

EXPENDABLE VEIIICLE MAIN STAGE

EXPENDABLE V_IICLE AUXILIARY STAGE

TOTAL AVERAGE PER FLIGHT COST

AGENCY NASA

PROGRAM OPTION

$  05,315

2
m

$ 0

$ h05,315

$ 20h,o00

$ 128,715

16,h10,000
$

$ 0

$17,ih8,030

f

@-II0 '"



MODE

Table

3 _L_pcndcd Ki_q_ Stage

AVERAGE COST PER FLIGIIT

LAUNCH OPERATION:;

Tug/Shuttle mating and checkout

T_g/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTENANCE AND REFURBIS}_4ENT

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug engine maintenance and refurbishment

Tug vehicle spares

Tug engine spares

Post maintenance checkout

Refurbishment requirements planning

Depot maintenance

$ 36,592

59,066

44,065

69,671

6,478

56,628

132,815

$ 73,736

22,045

AGENCY NASA
-- i

PROGRAM OPTION _.£.._

$ 405,315

12,932

35,696

7,429

5,618

16,653

lO6,023

TOTAL GRO_ID OPERATIONS (Launch and Maintenance and Refurbishment) $,

FLIGHT OPERATIONS

Mission planning

Flight control

Flight evaluation

Flight software

OPERATIONS SUPPOK£

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

$ 51,000

$ 280,132

78,000

53,000

22,000

$ i0,056 ,

32,298

29,67Z... _
1,404

21,155

3,715

14,561

EXPENDABLE VEHICLE MAIN STAGE

EXPENDABLE V_IIcLE AUXILIARY STAGE

$

685,447

204,000

$ z,28,Tz_

$ 0
l

$ 3,h70 _000

TOTAL AVERAGE PER FLIGHT COST

S-/ l

$ 4,h88,162



MODE

Table

I Reusable Basic Stage

AVEI_q_ COST PER FLIGIIT

, • , , ,

LAUNCH OI_EI{ATiONS

Tug/Shuttle mating and checkout

Tug/Payload mating .and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTE/IANCE AND REFURBIS|_ih_IT

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug engine maintenance and refurbishment

Tug vehicle spares

TUg engine spares

Post maintenance checkout

Refurbishment requirements planning

Depot maintenance

$ 17,007

27,094

20,691

33,069

6,h01

27,269

62,283

$ 3h,319

i0,359

12,778

35,272

7,3bi

2,652

7,835
i i

lOb ,766

AGENCY DOD

PROGRAM OPTION '"'2

$ 193_8i_ ,,

$ ,,215,322

TOTAL GRO_JD OPERATIONS (Launch and Maintenance and Refurbishment) $ h09.136

$ 5h,000

79,000

5Y ,000

23,000

9,937

15,667

31,915

29,319

1,388

20,90_

3,670

Z5,585

$ 213_000FLIGHT OPERATIONS

Mission planning

Flight control

Flight evaluation

Flight software

OPERATIONS SUPPO_I'

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

$ ,z28,385 .

0
$

$ 0

EXPENDABLE VEIiICLE MAIN STAGE

EXPENDABLE VEIIICLE AUXILIARY STAGE

$

4&

TOTAL AVERAGE PER FLIGHT COST

@-t/Z.-

$ 750_521



\

6.10 Subdivisions of Worh (Form T)

Provided in this subsection on Data Form T are the subdivisions

of work as defined in the following Government-furnished docu-

ment s :

Data Package - Space Tug System Studies, dated April 1973.

b Space Tug Systems Studies - Work Breakdown Structure and

Dictionary, prepared by PD-TUG-P and dated 7 May 1973.
/

Estimated costs and hours are reported on Data Form-T for WBS

elements through Level 6, although the calculations are performed

through Level 7. The estimated costs and hours on Data Form-T are

consistent with the definitions in the Work Breakdown Structure

and Dictionary, as follows:

p

1. Engineerin_ is the design, development, analysis, evaluation,

and redesign of TUG hardware, GSE, and associated planning and

analysis activities. It includes such activities as configuration

management, the preparation of specifications, drawings, parts

lists, wiring diagrams, technical coordination between engineering

and other activities, facilities engineering, vendor coordination,

test planning and scheduling, analysis of test results, safety

analysis, data reduction and engineering report preparation.

It also includes the engineering activities required to support

Production and the Operational phases. Materials and subcontracts

associated with the above activities are included.

. Manufacturin 9 includes product and materials receiving, ware-

&-ll .
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6.12 Cost Data Adjustments

Subsequent to the cost model run, a discrepancy was discovered in the ground

operations manloading inputs which had a significant impact on ground operations

costs. Time limitations precluded re-running the LEADER II Cost Model and the

associated Cost DataForms. However, the Average Cost Per Flight values have

been calculated and are presented as adjusted to reflect the a_Justedma_loading

inputs for ground operations. 6.12-1 through 6.12-_ are the revised values.

Refer to Subsection 6.9 for the tmad0usted values.

In addition, the Cost Data Sunm_ry Form for WBS 320 -Level 3 - Total Space Tug

Project, as included in this subsection, reflects the adjusted ground operations

costs and funding.

Cost Data Forms for DOD expended Tug and expended kickstages are not inclu_

since no such flights are required.

@-s 3



MODE

Table

1 Reusable Basic Stage.

AVERAGE COST PER FGIGIiT

LAUNCH OPEIDXTIONS

Tug/Shuttle mating and checkout

Tug/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTENANCE AND REFURBISHMENT

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug engine maintenance and refurbishment

Tug vehicle spares

Tug engine spares

Post maintenance checkout

Refurbishment. requirements plannir4

Depot maintenance

$ 18,296

29,533

22,033

3h,836

6,478

28,314
| ,

66,h08

$ 36,868

11,023

12,932

35,696

7,429

2,809

8,327

106,o23

TOTAL GROUND OPERATIONS (Launch and Maintenance.and Refurbishment) $

AGENCY NASA

PROGRAM OPTION 2

$ 205,898

$ 221_I07

h27,005

FLIGlZf OPERATIONS

Mission planning

Flight control

Flight evaluation

Flight software

OPERATIONS SUPPORT

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

EXPENDABLE VEHICLE MAIN STAGE

$ 51,000

$

78,000

53,000

22,000

10,056

15,855

32,298

29,671

l,h04
J

21,155-

3,715

ih,561

$ 20_,000

$ 128,715

$ 0

EXPENDABLE VEHICLE AUXILIARY STAGE, $ n

TOTAL AVERAGE PER FLIGHT COST $ 759,720

4



Table

MODE 2 l'_xper,ded Tug

LAUNCH OPERATIOI_S

Tug/Shuttle mating and checkout

Tu_/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTENANCE _D REFURBISI_T

Scheduled maintenance and refurbishment

Unscheduled m_i_tenanee and refurbishment

Tug engine maintenance and refurbishment

Tu6 vehicle spares

Tug engine spares

Post ma/ntenance checkout

Refurbishment requirements planning

Depot maintenance

TOTAL GROU_D OPERATIONS

AVERA!:E COST PER FLIGHT

$ 18,296

291533

22,033

3h,,836

6 'l_7 8 l

66,ho8 ,,

L • • .

AGENCY NA_

PROGRAM OPTION 2

$ , 2o5,898

(Launch and Maintenance and Refurbishment) $

$ 51,000

78,000

53,000

22,000
l

$ i0,056

• 15,855

32,298

29,671

1,1_01,

21,155

3,715

$

2o5,898

20h ,000
FLIGIIT OPEI_ATIONS

Mission planning

Flight control

Flight evaluation

Flight software

OPERATIONS SUPPORT

Airborne software update

GSE maintenance

Sustaining engineering

Progrsm management

Transportation and handling

Inventory control and warehouslnK

Facilities maintenance

GSE software update

EXPENDABLE VEHICLE MAIN STAGE

EXPENDABLE VFdllCLE AUXILIARY STAGE

TOTAL AVERAGE PER FLIGHT COST

ih,561

$ z28,7z5

$16,*,zo, ooo
i

$ 0

$16,9h8,613

-../9r6"
iD _



MODE

Table AVERAGE COST i'_i_l,',-l_lt'&':

3 Expended Kick Stage " . ........ PROGRAM OPTION 2

LAUNCH OPEItATIONS

Tug/Shuttle mating and checkout $"

Tug/P_yload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTENANCE AND REFURBISHMENT

Scheduled ma/ntenance and refurbishment $

Unscheduled maintenance and refurbishment

Tug engine maintenance and refttrbishment

Tug vehicle spares

Tug engine spares

Post maintenance checkout

Refurbishment requirements planning

Depot maintenance

18,296
II I •

29,533

22,033

3h,836

_ i I _ 0 _ ' 898 .......

6,h78
[

28,31h

66, h08

36,868

11,023

12,932

35,696

7 ,h29
i , ,

2,809 .

8,327

i06,023

$, ,, 221,107

IDTAL GROUND OPERATIONS (Launch and Maintenance and Refurbishment) $ ,,h27,005

$ 51,000

78,000

53,000 "

22,000 ".

$ 10,056

15,855

32,298

29,671

l,h0h

21,15'5

,, i l

3,715

$ 20h,000

$ 128,715
I

FLIGHT OPk_ATION S

Mission planning

Flight control

Flight. evaluation

Flight software .

OPERATIONS SUPPORT

A/rborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

EXPENDABLE VEIIICLE MAIN STAGE $ 0

EXPENDABL/_ VEIIICLE AUXILIARY STAGE $ 3_h70,0oo

TOTAL AVERAGE PER FLIGHT COST $ h.,229,720



t

MODE

Table AVERAGE COST PER FLIGHT

l l_n_Ahle ]_-_i_, ,q_-"_e ......

LAUNCH OPERATIONS

TuE/Shuttle mating and checkout $

Tug/Payload mating and checkout
n •

Prelaunch checkout

Countdown

Propellant and gases

Post flight saline 5h,537

Site services and support 12h,566

MAINTENANCE AND REFURBISHMENT

Scheduled maintenance and refurbishment $ 68,637

Unscheduled maintenance and refurbishment 20,718

Tug engine maintenance and refurbishment 12,778

Tug vehicle spares 35,272

Tug engine spares 7,3hi

Post maintenance checkout 5,303

Refurbishment requirements planning 15,670

Depot maintenance 10h ,766

TOTAL GROUND OPERATIONS

3h,01h

5h ,187

hl, 382

66,138

6,hOl

i

AGENCY DOD
,n nn u

PROGRAM OPTION 2

$ 381,225
,ui

$ 270,_85
n

(Launch and Maintenance and Refurbishment) $ 651,710

FLIGIrr OPERATIONS

Mission planning

Flight control

Flight evaluation

Flight software

OPERATIOI_S SUPPORT -

Airborne software update

GSE maintenance

Sustalnln6 engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

$ 5h,O00

S

79,000

57,000

23,000

9,937

15,667

31,915

29,319

z,388

20,90h

3,670

15,585

$ 213,000

$ 128,385

FD(PENDABLEVEHICLE MAIN STAGE

.EXPENDABLE V_[ICLE AUXILIARY STAGE

$ 0

$ o

TOTAL AVERAGE PER FLIGHT COST

,-- ,, ,

.... qgR.og5
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housing, fabrication, processing, assembly installation, reworking,

modifications, experimental production, shop support to engineering

checkout, preparation of hardware for shipping and preparation of

necessary manufacturing associated paper, work. Includes quality

control and inspection activities. This Subdivision of Work (SOW}

also includes technicians who support various test operations as

as launch operations and refurbishment activities. Materials and

subcontracts associated with the above activities are included.

3. Toolin@..and STE includes planninq, deslgn, fabrication,

quality control and inspection, modification, maintenance, and

rework of all tools, dies, jigs, fixtures, gauges, handling

equipment, work platforms, and test equipment and Special Test

Equipment (STE) in support of the manufacturing process. It

also includes _iting and planning tool orders, certification of

welding operations, maintaining tool and STE records, preparation

of templates, scheduling and controlling all to01 and STE orders,

programming and preparation of tapes for all numerically controlled

machine parts, and •calibration and periodic maintenance of produc-

tion and test tooling. It also includes the necessary tooling

maintenance for the Production and Operational phases. Materials

and subcontracts associated with the above activities are included.

4. Quality and Reliability Assurance (Q_RA)includes the establish-

ment of Q_RA policies, procedures and requirements70_RA review of

procurement requests and plans_ test plans from a QSRA standpoint

and Q&RA report preparation. Develops Q_RA training plans and

certification of quality control personnel. Also includes failure

review, analysis and reporting. Materials and subcontracts associ-



ated with the above activities are included.

\

5. Testin _ involves the investigations on all components, assemblies,

subsystems, and systems to determine operational characteristics, verify

the suitability in meeting the required criteria, and assure compat-

lability with the overall system and its intended operational/nonoper-

ational environment. Such tests include design feasibility test,

qualification test, design verification tests, reliability tests, and

bench functional and environmental tests. Monitoring tests, data

reduction, and report preparation are also included. Materials and

subcontracts associated with the above activities are included.

6. Management/Other includesall management and administrative

effort for planning, organizing, coordinating, directing, controlling,

and approving that is required to accomplish the program objectives.

Other items not included in the preceding subdivisions should be in-

cluded in this item where possible. Materials and subcontracts associ-

ated with the above activities are included.

t

The "total costs" shown on Data Form-T are the same as the "expected

costs" presented on Cost Data Form-A, whichln turn are tlme-phased

on Cost Data Form-C.



6.11 Technical Characteristics Data (Form-B)

This subsection presents on Data Form-B the technical, physical

and mission characteristics which have a significant effect

on the cost of an item. As required, Data Form-B contains

parameters that have been utilized in generating the cost estimates.

The data in Form-B complies with the following stlpulation in

Data Requirement Document MF-003M dated 7 May 1971_ "Since the

TCD is used for cost parameter purposes, it is not necessary that

the sums of the lower level individual characteristics, such as

weight or volume, equal the total weight or volume of the higher

level WBS item."

In addition to, and/or in conjunction with, the parameters stated on

Data Form-B, the following factors are reflected in the estimated

costs_

Technology

Size/Shape/Materials/Weight

Fabrication/Assembly Methods

Tooling Requirements

Quantities - Subsystems/Fllght Articles

Commonality

Maintainability

Test Philosophy

Complexity/Workability

&.- tGo:
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C
Section 7.

FLIGHT SCHEDULES

This section presents programmatics input data in the form of flight schedules

for Option 1 (Tables 7-1 through 7-_), a flight requirement stmuary (Table 7-45)

depicting the annual flight composition, and a Tug fleet utilization schedule

(Table 7-7). The flight schedules are provided in accordance with the

formatting instructions contained in NASA letter PD-TUG-P (028-7h).

These data were generated by mission accomplishment analysis in conjunction with

ground launch/refurbishment and mission operations timeline and turnaround

analyses. Supporting details of these analyses are reported in Vol_e _,

Mission Accomplishment.

°.

q

The major influence on Sleet sizing is the number of expendable Tug missions

required. A contributing factor is the number of vehicles to be provided for

contingency (expected reliability losses based on one loss per 100vehicle

Slights). For Option_'these considerations result in a total Sleet buy of

_vehlcles.
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SECTION 8

COST SENSITIVITIES FOR THE PROGRAM OPTION

D

This section presents the results of cost sensitivities analyses for the

following primary program optionsdefined for the Tug Program Option No. 2.

• Two-year early 10C

• Main Engine Sensitivity Study

• Extended Mission Duration Sensitivity

• Two-Year Early IOC

The objectives of this analysis involved an examination of techniques to lower

peak annual funding while maintaining reasonably low DDT_E costs, and an attempt

to optimize the required program ATP date. Reference is made to Subsection 11.6

which presents the methodology and cost and funding impacts which result from

varying the 10C dates. The data in the following paragraphs have been extracted

from Subsection ii.6.

8.1 IMPACT ON DDT&E

A two-year advanc e in IOC would result in an 18 percent increase in DDT&E costs,

from $298.77 million to $352.55 million - an increase of $53.78 million. However,

it should be noted that the increase Would have been higher, if the ATP date

had not been moved forward simultaneously so that the time Between ATP and 10C

was lengthened to75 months from55 months for the baseline case.

8.2 IMPACT ON PRODUCTION

The two-year advance in I0C was accompanied by a 78 month time s_Dam for

production versus 76 monthsfor the baseline. Thus. minimal impact could be

anticipated. For the advance 10C case, it was estimatedthat therewould be

about a one percent reduction in the project level value for total production

costs - a $Tmillion decrease from $217.29 million to $209.47million.

8.3 IMPACTON OPERATIONS

Schedule impacts on operations costs were quantified on the basis of the varia-

tions in numbers of flights at the average cost per flight value. The two-year



lOC advance would increase the number offlights by 74 from the baseline -

225 versus 299. This would result in a $56 million increase in operations

costs - $171 million versus $227 millions.

8.4 IMPACT ON FUNDING

DlYfSLE

Figure8.4.1 presents the comparative DDT&E funding impacts of the two-year

IOC advance. By advancing the IOC date by two years while advancing the ATP

date by 20 months 75 months versus 55 months for the baseline, the peak

funding year was advanced from GFY 1981 to GFY 1980. However, this reduced

peak year funding from $102million to $80million - a22 percent reduction.

_r

Production

Figure 8.4.2 illustrates the comparative production funding impacts of the two-

year IOC advance. The peak funding year would move forward from GFY 1984 to

1983 but the peak funding would be slightly reduced, by only 7 percent from

$60million to $56million.

Operations .

Figure 8.4.3 compares the relative funding for the two-year IOC advance and the

baseline. The two-year advance in 10C increases the number of flights in the

early years of operations. These differences are reflected in the funding

curves. Peak year funding does not change.

Total. Project

Figure 8.4.4 and Table 8.4.1 present the total project comparison of the two-

year IOC advance, case-l, with the baseline. This case would not move the

funding peak year from GFY 1982. However, it would reduce peakyear funding

by 16 percent or $20million, from $124 million to $104million.

9
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• Main Engine Sensitivity Study

A sensitivity study was performed to determine the impacts from substituting

several candidate main engines for the Category IIARL10used in the baseline:

the Category IV RL10, the Aerospike, and the ASE or Advance Space Engine. The

sub-assemblies affected by the engine substitutions included the main engine

feed, and the pneumatic assemblies, as well as the engines themselves. Costs

were estimated for these elements at the subassembly level and then brought to

the project level by including the appropriate additions. The main engine

DDT&E and first unit costs used in this study were those provided by the

Government. Table 8.1-1 lists the relative Project Level Costs for the engine

candidates. For details of this study, refer to Volume 5.

8.1 IMPACT ON DDT&E

The Project Level cost of the baseline Category IIARL10 has been estimated at

$66.3 million. Substitution of the Category IV RL10 would add $84.1 million

to the baseline i while respectively the Aerospike engine would add $110.3 million

and the ASE engine would add $126.8 million.

8.2 IMPACT ON PRODUCTION

The Project Level cost of the Category IIA RLI0 has been estimated at $10.6

million for the twelve engines required for the fleet. For the same fleet size,

use of the Category IV RLI0 engine would add $0.8 million to the baseline, use

of the Aerospike would add $2.8 million, and use of the ASE engine would add

$3.3 million.

8.3 IMPACT ON OPERATIONS

The Project Level cost using the Category IIARLI0 engine has estimated at $81.4

million in the baseline case. Use of the other candidate engines would result

in the following additions to the baseline cost: $82.5 million for the Category

IV RLI0; $112.0 million for the Aerospike; and $129.1 million for the ASE.

8.4 IMPACT ON FUNDING

Figure 8.4-2 presents the graphic and tabular impacts on funding resulting from

employment of the several candidate engines. Funding for the baseline is that
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q

developed using the LEADER II Cost Model and reported in Sections 6.6 and 6.7

of this book. Funding for the alternate engines was applied as incremental

additions to the baseline. Therefore, the shape of the fun_ing curve and the

peak year did not change from one candidate to another. HoWever, substitution

of the various candidates did result in significant increases in the amount of the

peak year fund/ng. Use of the Category IV RLI0 raised the peak year funding

(GFY 1982) from $124 million for the baseline to $139 million. Use of the

Aerospike raised the peak year funding to $14_ million and use of the ASE increased

it further to $1147 million.



• Extended Mission Duration Sensitivity

The purpose of this study was to determine the payload capability of the

Option 2 Tug for performing the 13-day service mission. This was accomplished by

investigating the various subsystems to determine what changes may be required

to perform the mission beyond the basic six days. This included resizing of

subsystems which involve on-orbit consumables such as ACPS and power. During

the analysis, the mission success probability goal of 0.97 was relaxed, per

customer directive.

The results of the study indicated that the Tug could deploy a total of 4150 ib

for the Service Mode i mission. Based on a 500 Ib service unit weight, 3650

ibs is available for the SRU's (about 910 ibs per satellite). For Service Mode

II, the Tug can carry 1750 ib round trip, leaving a net of 1250 Ibs for the SRU's

(about 310 ibs per satellite). The impact of the 13 _ay design on the nominal

six day vehicle performance is a payload loss of 568,362and 221 ibs for the

deployment, retrieval and round trip mission, respectively. A review of the

mission capture analysis for the Option 2 vehicle indicated that these reductions

would have no impact on the number of _ flights or fleet size. This study is

discussed in Volume 5.

8.1 IMPACT ON DDT&E

Since the number of servicing missions was not specified, the programmatic

impact of this mission could not be assessed. The only operational impact

assessed was for flight generation which resulted in an increase in DDT_E costs

of about $2 million. No subsystem changes were required other than to increase

the ACPS and fuel cell tankage. Costs of these changes were insignificant.

8.2 IMPACT ON PRODUCTION

As noted above, the impact on production cost also was considered to be

insignificant.

8.3 IMPACT ONOPERATIONS

It was determined that operations costs would be increased approximately

k_



_e

$200,000 per flight for the extended_ssions. Since the number of servicing

missions was not specified, the total impact on operationswas not assessed.

8.4 IMPACT ONFUNDING

No funding impact was assessed, since the only cost _act that was quantified

was that for DDT&Eand the total operations costswere not estimated, as noted

above.
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SECTION 9

RISK• ASSESS_ENT

The following paragraph is quoted directly from the Statement of Nork:

5.4.1.1 Project Assessment

"The contractor shall conduct a study to identify all development

risk (technical and cost) uncertainties involved with each concept and

option studied. An assessment of the operations and capabilities risks

of developing various Tug configurations for various levels of develop-

ment costs will be made. Technical and programmatic uncertainties that

could significantly affect the schedules, costs, or thatcould result in

failure to achieve any vital capability requirements will be identified

and discussed. Special consideration should be given critical technology

areas, critical design factors (e.g., mass fraction), off-the-shelf vs.
new hardware development, design sensitivities, etc, This activity will

be conducted throughout the study and will be coordinated closely with

all other tasks at appropriate times."

To quantify the technical, cost, and schedule uncertainties, requested above,

MDAC-W used a Risk Assessment Scoring Guide (see the accomnanyinQ Tables) This

guide provides a range of values from 0 to lO, i,e., "no risk" to "high risk" for

different defined levels of the following four criteria: estimating conditions;

nature of the item; item description; and method of analysis •and data. Using

the Risk Assessment Scoring Guide, multi-discipline teams (representing the

engineering technologies, manufacturing, test, logistics, safety, reliability,

ground and flight operations, cost, schedule, and programmanagement exnerts,

as appropriate) assigned risk values to each of the NBS elements at the lowest

level considered meaningful. Separate data shept_ ,_ere developed for each program

option for the DDT&E, the production, and the operational phases.

|

The risk values assigned at the lower WBS levels were summarized to the subsystems

level, the systems level, and then the project level. Any l&BS element receiving

a risk value of 5 or higher is discussed, and the reasons for the moderate to high

risk value documented. NOTE: The highest risk value assigned at the lo.ver NBS

level is the risk value carried forxvard at the summary NBS level.
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RISK ASSESSMENT SUMMARY

PROGRAM OPTION 2

The Space Tug project is in the early stages of program definition (Phase A).

We are confident that as definition of the hardware, software, and program-

rustics evolve, that the risk values identified will diminish slgnificantly.

Therefore, we assess Program Option l as a moderately low risk program.

On a scale of 0 to 10 (i.e., low risk to high risk, respectively) the average

life-cycle risk values for Option 2 are: 2._ for Cost; 2.3 for Schedule;

and 3.2 for Technical performance. (Refer to RISK ASSESSMENT SUMMARY

Table g-5." These relatively low risk values mean that the multi-

discipline team of experts, who have assessed the uncertainties in accomplishing

the cost, schedule, and technical objectives and assigned the risk values, have

a moderately high degree of confidence that all objectives will be met for

every WBS el_ent in every phase of the project. Their collective Judgments

are based on the following:

1) Specifications on similar hardware and software items are available;

2) The hardware and software subsystems/components are well within the

state-of-the-art and (as a minimum) prototype items have been produced

(in many cases off-the-shelf hardware is selected);

3) The estimating ground rules and assumptions were generaXly adequate

although subject to some question; and

h) The data have generally been obtained from reliable sources.

q

In the risk Assessment Data Sheets (Tableg_ a narrative risk assessment is

provided for all cost, schedule, and technical risk values of 5 or greater. It

is significant that most of the moderate to high risk values shown are due to

the preliminary or incomplete nature of the information available and are not due

to technical or capability uncertainties. Therefore, as further definition of

the program evolves, we can expect a corresponding decrease in all risk values.

q
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Table 9-5

RISK ASSESSMERT SU_4ARY PROGRAM OPTION R

Risk Values (0 = Low; 10 - High Risk)

_se Cost

DDT&E 3.0

PROD 2.2

OPNS 2.1

AVERAGE LIFE CYCLE

RISK VALUES

I_K AREA

Schedule Technical

2.3 3.6

2.1 3.1

2.6 2.8

2.3 3.2
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,Section lO

SUPPORTING RESEARCH AND TECHNOLOGY (SR&T)

Because of the emphasis on performance and total program cost effectiveness,

Option 2 requires some $15+ million in supporting research and technology.

This program element is summarized in Table I0.i.

The first technology requirement identified stemmed from basic safety

requirements rather than program objectives. The proposed use of graphite

epoxy honeycomb for performance reasons created the second technology

requirement. Basic data is needed in the thermal control area to establish

performance and fabrication techniques. In the G&C area, star tracker self-

check and l_O self-calibration are needed to reduce maintenance costs.

Laser radar rendezvous/docking techniques need substantial advancement

before final definition for the Tug. Performance is the primary offshoot

improving fuel cell specifics.

The SRAT for the option represents Just over 5% of total program DDT&E.

The following paragraphs give a more detailed explanation of each SR&T item

identified in the table.

d

8

lO .i STRUCTURES

i0 .i.I Develop Potential Hazard/Failure Detection Techniques

Technolo_ Deficiencies

Shuttle and Shuttle payloads present new challenges in reliability and safety

requirements because of the necessity of reusable space transportation ele-

ments. In current space missions such as Skylab, for example, only limited

attention Was given to failure detection techniques for overboard or on-board

/O-/



0

H

0

H

I-.I

0
I-4

0

Ox O_ Ox

u

_ o 0

0

o'

r_

orj

_L_ o_
C) _ o I--t

' '!

0

I

0 _'_
I c.)

0
_I 0
0

0

0
>
b_

0
E-t

e

ii



leaks which might present a toxic, fire, or explosion hazard. A compre-

hensive study program on a damage control system for leaks was carried out

by MDAC in 1970-72 for the l0 year Space Station. (NASI-108h and NAS1-

108hO) The results of this progr_n provides the basis for identifying

failure detection techniques for future space systems.

The Space Tug in terms of hazards and failure modes presents a major safety

threat as regards tank explosions and leaks leading to toxic/fire effects

and gas explosions damaging the Orbiter. In addition to the major LOX/LH 2

tankage, similar Considerations apply to ancillary propellants, fuel cells,

and general plumbing. For the Tug system, conventional ground based NDE

techniques are inadequate° What is required is a permanently installed

monitoring system which will give early warning of leaks or precursor

damage notes so as to allow effective remedial action to be taken.

A continuous monitoring system should perform a dual function: (i) Monitor

potential modes in space and (2) Function as part of the ground checkout

system prior to launch.

Recommended Solution(s)

A primary failure detection technique which shows great promise as applied

to Space Tug is the acoustic method. In-house MDAC research has demon-

strated the power of this method in detecting leaks and precursor damage

modes from a variety of fluids (gas and liquid) including cryogens. Piezo-

electric acoustic transducers permanently mounted on tanks and related

plumbing c_n perform in both a passive and active mode. In the passive

monitoring mode, a transducer array can detect and locate by triangulation

techniques:: .,(i_ dynamic flaws that can lead to leaks or catastrophic

failures. Acoustic emission bursts are emitted by dynamic flaws which

can be detected. (2) Physical leaks. The fluid leaking through the

container will generate a unique ultrasonic signal which propagates in

the container wall and is detected by transducers bonded to the wall.

Active mode operation is envisioned as being employed during ground

checkout as part of NDE operations. In this mode, lamb waves would be

propagated in the tank wall to detect flaws.

/G _-



To comple_ent the _eoustie detection technique, a tape detection tech-

nique is Judged promising for plumbing, valves, etc., where acoustic

siEnals may not be present. An example would be a leak from a flange

or heavily insulated pipe. For tape methods, electrical resistance,

color change, or blisterin 6 phenomena are all potentially useful.

@

Schedule

The proposed schedu/e for this effort is shown on Table I0.i.I-i.

Level of Effort

The projected level of effort is based upon past experience on damage

control systems. For an 18 month program resulting in the develolmnent

and test of a prototype damage control system, funding requirements are

estimated at $750,000.

Manpower (6 man years/year)

Funding

Engrg + Technician

Equipment + Materials
Miscellaneous (Travel Reports,

etc. )

18 Month Time Period

9 man years

$500,000

200,000

50,000

$750, ooo

tP
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10.1.2 Graphite Epoxy/Aluminum Honeycomb (Thin Skin

Bonding) Technology Deficiencies

The technical deficiencies that have to be resolved for the manufacture of

thin skin graphite epoxy/aluminum honeycomb sandwich construction area as

follows :

i@

Current technology in the manufacture of graphite epoxy tape

produces a tape thickness that exceeds the thin skin panel thick-

nesso Consequently, tape orientation of three orlmore layers

exceeds the thin skin thickness requirement by a factor of two.

.

The technical deficiencies in the manufacture of thin skin

graphite epoxy/aluminum honeycomb sandwich construction is the

"bridging" effect of the graphite epoxy thin skin across each
of the honeycomb cells.

Recommended Solutions

The recommended solutions for the technical deficiencies is the manufacture

of thin graphite epoxy skins, and the manufacture of thick skin graphite

epoxy aluminum honeycomb sandwich are as follows:

I. Thin Graphite Epox_ Skins.

ao

b@

Research the tape manufacturing industry for rationale of
tape thickness limitations.

Research current
tape thinning or cross section reducing

processes.

C@ Develop laboratory thinning process.

@

d@
Develop machinery/equipment concepts for cross section
reduction process °

Thin Skin Graphite Epoxy/Aluminum Honeycomb Sandwich

ao

Develop a soluble filler for the honeycomb cells, bond a

single layer of graphite epoxy over the honeycomb, accept

the "bridging" effect and at the same time seal the honeycomb

• I



cell in order to eliminate this "bridging" effect on the
bal_u_ce of the layers.

b.

Development p_'sels using these methods or approaches and

researched methods will be fabricated and tested for material
properties.

Schedule

e_

Tablel_l.l-2 shows the schedule for developing a manufacturing process for

graphite epoxy honeycomb° _ i

Level of Effort

Also shown on the table is the doll:it values for each 6 m0_th phase °of the

effort. The total amount is $1.5 million. : _

I_2 THERMAL CONTROL "_ "-

A survey of the supporting research and technology (SR&T) requirements

related to the insulation system on the fuel and oxidizer tank was accom-

plished. The areas identified in which further information is required are

shown in Tablel0.2-1. An estimate of 1.5 years is needed for this effort.

The effects of configuration variables on the thermal performance could be

accomplished with small samples on a Calorimeter. The MDAC heat flux gage

calorimeter or 15" diameter cyclindrical tank are examples of calorimeters

which could be used. These calorimeters are discussed in References !, 2,

and h. Several data points for each configuration variable would 5el/obtained

to allow a more optimum design in future MLI systems= °

The effect of tank leakage on thermal performance could also be determined

in one of the previously mentioned calorimeters. This data would provide a

determination of the maximum allowable leakage from a tank.

The material property at LH 2 temperature of primary interest is brittleness.

Testing of the candidate materials to ensure selecting materials which:will

maintain their structural integrity at LH 2 temperatures is needed. Subject-

ing the candidate materials to the thermal cycling anticipated in a reusable

system is also needed to ensure proper material selection for _I applica-

tions of this type° Outgassing data on the candidate materials will aid in
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Table 10.2.1

SR&T REQUI RF3 [:_TS

THEHMAL PERFOPC._ANCE - EFFECT OF CONFIGURATION VARIABLES.

(A) _._LIT_IC,a_ESS

(B) _LI AT PE_;ETRATIO_

(C) _-_LIJOIZ_TS

(D) PA_EL ATTAC}_.[ENT HARDWARE _

(E) ST_JDOFFS

TANK LEAKAGE - EFFECT ON THER_/&L PERFOR_L_{CE

MATERIAL PROPERTIES

PURGE BAG

(A) MATERIAL

(B) FABRICATION TECHNIQUES

PURGE A_JD EVACUATION SYSTEM

(A) EF_C'r OF
(B) EFFECT OFi STANDOFF DIMENSIONS

MLI THICKNESS

_OF LOCATION AND SIZE
_EVACUATI ON VALVE

I.
--- TOTAL

3O

30

_80

©



material selection for MLI systems since MLI requires a low outgassing rate

for optimum in-space performance. A study of potential fastener materials

is needed to facilitate MLI panel fabrication.

The effort needed for the purge bag includes both the evaluation of candi-

date bag materials and the bag fabrication techniques. The testing involved

would include environmental testing of the bag material and strength and

leakage testing of the potential techniques for Joining the gore segments of

the bag. The selection and attachment of closures would alsobe considered.

The effects of several variables on the performance of the purge and evacua-

tion system need to be studied. This includes the effect of thestandoff

dimensions (primarily the height) on both the purge time required and the

evacuation rate, the effect of MLI thickness on both the purge time required

and the evacuation rate, and the effect of the evacuation valve size and

location on the evacuation rate. This effort would _nvolve analyses and sub-

scale testing in a flat panel configuration.

A

10.3 AVIONICS

10.3.1 Star Tracker Self Check and Calibration

Technology Deficiencies

A limited number of star trackers have been designed and flown on space

qualified programs, in most cases, the design Was tailored to specific user

requirements. Consequently, prelaunch check out of the sensor was performed

using non deliverable Ground Support Equipment (GSE).r This equipment was

only used as a go/no-go indicator. All calibration is done in the labora-

tory. While no particular time constraint has been established for recali-

bration, manufacturers have suggested that theunit be recalibrated at six

month intervals. This, however, is based upon shelf life only. Exposure to

contamination, shock, and vibration environments for each flight is expected

to establish the need for more frequent calibrations. In the initial flights,

,.b.,'o
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B

the optics should be checked for effects of contamination and Shuttle

launch environments. Considering the turn around and reuse."capabilities

defined for the Space Tug, a desirable feature is the ability to perf°rm

in place or onboard ground calibration without removing_the_equ_pment :from

the vehlcle. _-\_:_..,?.._i.i_- :_-

Re commende d Soluti on "

-p

A method for onboard checkout of a strapdown star _trackerisbeing developed

which includes the capability to check the optics6 _ Previous_built in-test

equipment only verified operation of the electronics° "_le optical checkout

is accomplished by using a light emitting diode (LED) which!iS_'Tiber_ optic

coupled to the tracker, When the LED is energized by an external c_nd

" w" '_

signal, a simulated star signal with known position.coordinates is presented

on the image dissector. This measured simulated star siEnal is compared-to :

the preset position data and a No-Go output is generated if these data differ.

Extension of this technology to permit onboard calibration is recommended . .

It is estimated this effort involves an equivalent of $3 million over an

18 month period,

10.3.2 IMU Self Calibration

I

Technology Deficiencies

Stral_le_,.n INUs presently utilized on spacecraft have no _rnv__q_e_,, e_,- onbo_d

calibration since present vehicles ,are not reusable. The IN/ is normally-

calibrated in a laboratory prior to launch.- Most conventional inertial

instruments must be 'recsl_brated every 90 to i20 dajs to assure proper per-

romance. However, exposure to the Shuttle shock, acoustic, and vibration

environments are_ expected, to reduce this interval, In the initial, flights,

theINU should be recalibrated subsequent to a full mission environment

exposure to verify structural integrity and performance tolerances of the

sensor. It is also desirable to utilize the data obtained in peric_lic

} ..-



calibrations for hardware trend. Considering the turnaround and reuse

capabilities defined for the Space Tug, a desirable feature is the ability

to perform inplace or onboard ground calibration without removing the

equipment from the vehicle.

Recommended Solution

By providing the capability to rotate the strapdown IMU to selected orienta-

tions, full onboard calibration of the IMU is possible.

Recent developments in strapdown systems include configurations which can

accomplish these functions with less complexity and cost than a fully gim-

balled IMU. Onesuch configuration includes a single calibration gimbal

about the system roll axis and an additional step-index mechanism around a

selected set of instruments. These calibration mechanisms are then locked

in a known reference position prior to flight.

By extending this concept to three gimbals, full onboard calibration can be

achieved. Extension of the technology from a single toa three gimballed

system is expected to require 1.5 years of SR&T, at an expenseof $2 million.

10,S.S Lasar Radar Rendezvous and Docking Techniques

The present state of development of the ITT scanning laser radar is such that

the actual minimum radar is such that the actual minimum and maximum range

capabilities of the system do not satisfy the requirements of a Tug rendezvous

anddocking sequence. The sequence requires that acquisition, track and

ranging shall occur up to a range of at least lO0 miles and that, in addition,

target attitudedata shall be available from approximately lO00 feet to

5 feet.

In addition to th_s sensor problem, the capability for automatic port recogni-

tion and relative orientation measurement has not been demonstrated.

/o./2_.



Recommended SoSution

O

Rendezvous and Docking--The original ITT laser system is based upon a GaAs

laser diode. This diode is a low power device which limits the range capa-

bility to less than i00 miles. To increase the power level and hence the

range of the system, a Neodymium YAG diode should be considered. Much

greater power is available from NdYAG devices and their use is limited by

thermal considerations and by reliability of the pumping light source.

Methods of cooling the higher power device and the use of diodes as laser

pumps to improve reliability should be evaluated.

In order to accomplish terminal rendezvous and docking, the docking port

must be identified and three axis attitude of the target and change vehicles

relative to the port must be determined. The use of multiple optical rendez-

vous on the target with known location and geometry is a candidatetechnique.

Separate range and angle readings to each reflector are maae anditargetatti-

tude and range are determined by triangulation. At short ranges , the trans-

mitter beam can be spread out larger than the receiver instantaneous

field-of-view and only the receiver need scan at a faster rate. A 6.1 degree

instantaneous FOV would see a projected area with a diameter of 1.75 feet at

a target range of i000 feet, and the reflector geometry would have to be laid

out with this order of magnitude spacing.

In order to evaluate these problems and proposed solutions, both analysis and

simulation is required. An appropriate methodology for extractingthe

required orientation data from the sensor _nfnrm_t_n _,,_ _ _o_l_pe_ o_n_d

guidance and control laws using these data for all phases of rendezvous and

docking sequence are needed. A simulation which incorporates sensors,

realistic targets, and controlled target-chaser relative motion including

the effect of propellant dynamics will be used to demonstrate overall system

performance.

/0 - "._



SR&T Schedule

Sensor development should be scheduled so that prototype equipment capable

of meeting system requirements is available in one year and final version

equipment in 18 months. Guidance and control low analysis and development

and simulation facility development should be completed in one year to allow

acceptance of developing sensor hardware. System evaluation and development

using this facility would then occupy the second program year° This is an

ambitious program and could run as high as $5 million total@

10.3.4 Fuel Cell Improvements

Deficiencies

Fuel cells that are developed from Shuttle technology can be used on the Tug,

but limit the available payload that can be carried, Payload performance

improvements can be gained through additional SR&T by reducing the fixed

weight of fuel cell batteries. It is also possible to reduce the specific

reactant consumption rate by increasing the operating efficiency of the fuel

cells. Projected lifetime of Shuttle technology fuel cells can be improved

upon.

Recommended Solutions

Fuel cell battery structure can be lightened by making end plates out of non-

metallic material instead of metal.

Fuel cell life can be improved by finding materials that are more stable in

caustic and oxidizing environments internal to the fuel cell batteries. This

will also bring about lowered and uniform cell temperatures which will result

in reduced polarization losses within the cells.

The current density within the cells should be decreased by increasing active

surface area at the electrodes. This will decrease polarization losses further.

Concurrent with this, the cell thickness can be reduced to conserve weight.

/0 -'4



Parasitic power can be reduced by replacing motor-driven hydrogen-water

separators with suitable passive water removal mechanisms.

A4ditional work needs to be done to perfect an evaporative cooling concept

that is compatible with the new fuel cell battery design. This will allow

the use of product water from the cells to help cool the cells before this

water is vented overboard.

This effort has been scoped at SB million over one year.



Section Ii

SPECIAL COST SENSITIVITIES OPTION 2

This section discusses a series of special cost sensitivity analyses Conducted

for Option 2 as called for by the Government-furnished outline and as required

by action item 5_ from the First Review Meeting. The majority of these trades

can be examined in the light of their effects upon production and operations

costs since most of the variables in question affect the number of flights and

the increase or decrease in flight hardware (Tug vehicles or kick stages)

required to support the change in traffic. The sensitivity of program cost to

changes in schedule is a different and more complex analysis. _ Section 11.6

describes this analysis for Option 2.

11.1 COSTVS PAYLOADWE,IGIr?

Variations in payload weight of +_ 20% were examined for impact on number of

i_lights and for changes in flight hardware required. The resulting program

cost sensitivity is shown In the following table.

v

PAYLOAD WEIGHT

CHANGE
--- |

+2O%

-20%

SENSITIVITIES

NUMBER OF FLIGHTS
f

•AFLICHTS

0 •

-3.6

HAPmWAP CZ',  GE

0

^_
_y

DOLLAP_

0

0

"i_'_ IN M

0

, I I

-3.6
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11.2 COST VS TRA_?IC RATE

Variations in traffic rate of _ 10% were examined for impact on number of

flights and for changes in flight hardware required. The resulting program

cost sensitivity is shown in the following table:

OPTION 2

TRAFFIC RATE CHANGE

SENSITIVITIES

NUMBER OF FLIGHTS
f

•A_IG_TS AS

HARDWARE CHANGE DOLLARS

AHARDWARE TOTAL IN MaS

+1o%

-lO%

+28

- 28

+25.2

- 25.2

0

0

0

0

I

+25.2

4k

!4

11.3 COST VS DRY WEIGHT

Variations in vehicle dry weight of _ 10% were examined for impact on number

of flights and for changes in flight hardware required, The resulting program

cost sensitivity Is shown in the following table:

OPTION 2

DRY WEIGHT CHANGE

SENSITIVITIES

+10%

-lO%

NUMBER OF FLIGHYS
•

•AFLIGHTS AS

+23 + 20.7

-4 -3.6

HARDWARE CHANGE

AmU_DWARE aS

0 0

-2 _uQs...... -2...

-2 Ks -i. 2

DOLLARS

TOTAL IN M
,,|,

+20.7

4"
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ll.h COST VS DELETION OF EXPENDABLES

Deletion of expendables was examined for impact on number of flights and for

changes in flight hardwsme required. The resulting program cost sensitivity

is shown in the following table:

SENSITIVITIES

,OPTION 2

DELETE

EXPENDABLES

i

NUMBER OF FLIGHTS
F

IAFLIGHTS

-6

.

HARDWARE CHANGE

AHARDWARE

-61.I

DOLLARS

TOTAL IN M
il , l . |

11.5 COST VS. CIL%NGE IN ISP (i0 SEC.)

k

OPTION 2

CHANGE IN ISP
.| |,|

+I0 SEC

-10 SEC

SENSITIVITIES

NUMBER OF FLIGHTS

AFLIGHTS AS

-_ -3.6

*5 *&.5

HARDWARE CH;uNGE

am  DWARE n$

0 .

TOTAL IN M
! | I i .

, i

.÷1,.5
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11.6 Cost versus Schedule

Cost and funding variations were quantified for variations from the baseline

schedules. The baseline schedule for the 31 December 1983 IOC case encompasses

an ATF of 1 May 1979 and a 55 month development period, The Early IOC baseline

schedule has an ATP of 1 October 1975, a development period of 75 months and

an IOC of 31 December 1981. Costs were estimated for variations of + one and

two years for DDT&E and Production. Funding impacts for DDT&E and Production

were identified for the two IOC schedules. Schedule impacts on Operations Costs

and funding were quantified based on the variation in the number of flights

at an average cost per flight. (Reference adjusted average cost per flight

values presented in Subsection 6.12)

DDT&E IMPACT

Methodology

The methodology used to quantify the DDT&E cost impacts was the same as that

detailed in Subsection 11.6 of Book i of Volume 8. The 31 December 1983 IOC

schedule was assumed to be a reasonable schedule for a reasonable cost. Its CDR

point, 23 months after ATP was considered to be the minimum schedule point at

which dollars could not buy time. To achieve the early IOC date while minimizing

both DDT&E cost and peak year funding, the schedule was built up based on the

31 December 1981 IOC date and then determining the time spans required for

each preceeding activity. The result of this analysis was an ATP date 75 months

prior to IOC -- I October 1975. To quantify the cost impacts of this schedule,

the 31 December 1981 IOC date was then assumed to be reasonable, and Its CDR

point, 38 months after ATP was considered to be the minimum schedule point at

which dollars would not buy time. Comparison of the two schedules in terms of

DDT&E cost impact is sumsarised in Figure 11.6-1. The terms used in this figure

are defined as follows:

Jq
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C " F + V
n n n

Cn = Total DDT&E Cost, comprised of both fixed and variable

elements. At Baseline - IOC, Cn - C1 = 1OO%.

Fn = Costs that are Fixed with time. At Baseline - IOC,

Fn = F 1 = 50% of Cl.

V = Costs that are Variable with time. At Baseline - IOC,
n

Vn = Vl = 50% of CI.

n = Number of years variation from the baseline identified as

a subscript, as follows:

n - Subscript Years fromBaseline

2 -1

Baseline = 0

3 +I

5 +2

Cm=C + R
n n n

C* = Index of Maximum Cost Risked to meet development objectives.
n

C
n = Total expected DDT&E cost as defined above.

Rn = Diminishing Risk Probability. Values represent the probability
of not meeting program objectives in terms of cost and schedule.

RI at IOC considered = .8

Applying the factors to the baseline DDT&E cost for Program Option No.2

resulted in the two tabular sets of cost impacts shown in Figure 11.6-1. One

table lists the variation in Expected DDT&E Cost, while the other table

shows the variation in Maximum Cost Risked To Meet Schedule.
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Cost Sensitivities

The Expected Cost table in Figure 11.6-1 indicates that the following

conclusions might be drawn:

O

O

O

Moving the I0C date forward two years to 31 December 1981,

while also advancing the ATP date forward from 1 May 1979

to 1 October 1975, would cause DDT&E costs to increase by

$53.78 million or 18% from the baseline cost of $_)8.77

If an ATP date of 1 October 1976 could be assumed, along

with retaining the CDR point of 1 December 1978, the early

IOC date situation would be roughly analagous to that

indicated for the " n 2"= , or the schedule adjustment Of

• 1 year case. For this case, the Total Expected cost his

• been estimated to be $312.22 million, an increase of $13._

million, or h.5% from the baseline. However, for this case

the Maximum Cost Risked To Meet Schedule could be expected

to increase significantly -- from $373.h6 million to $7_1.52

million -- an in@tease of $368.06, or about double taht of

the baseline.

Separate calculations have also determined that, if the

1 M_7 1979 ATP date could be held and the IOC date were to

advanced to 31 December 1981, both the Expected Cost and the

Maximum Cost Risked to Meet Schedule would be exorbitant,

_---_=.............................- --- - ...... _o_iii%y -_meeting

such a schedule.

o•-

/



PRODUCTION IMPACT

Methodology

The methodology followed in determining production rate cost sensitivity due

to schedule adjustment was similar to that followed for DDT&E. The impacts

were quantified for variations of _ one year and _ two years from the base-

line schedule. Figure 11.6-2 summarizes the cost methodology and the resultant

cost sensitivities. Because of the difference in fleet sizes, Baseline A and

B were necessarily established. The equation shown assumes that the baseline

cost for the Baseline B schedule has an index of 1.0 and that the index is

composed of two equal factors (.5 each). One factor is that which results

from elements variable with time, while the second factor represents the

elements that are fixed with time. Measurement of the schedule variation

impact on the variable factor was accomplished using the equation el_nent by

which the new number of production months was divided bya parabolic equation

form. The fixed element cost impact was determined by the simple equation

form which divided the new number of months by the base number of months. In

addition to thevalues produced by substituting the appropriate variables, it

was felt that the index should be adjusted to reflect the influence of planning

the productionapproach for a given rate. This planning would start prior to

production initiation, of course. The F' equation was derived to fulfill this

function.

4
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Cost Sensitivities

Figure 11.6-2 presents the tabulatee results of applying the production rate

factor to schedule and companionate rate variations from the baseline. The

Baseline-A and Baseline - B rates were established as that needed to have two

vehicles available at lOC. The production rate factor fo_ the Baseline-A

case was computed at 1.001, versus i. 000 for the Baseline-B case . A two-year

advance in the lOC date thus resulted in a production index of .964, or the

lowest vehicle main stage (system level) production cost. The table also

presents the average system level unit costs for the production of fourteen

units of the vehicle main stage for Baseline-B variations and of twelve units

for Baseline-A.

A separate table within Figure 11.6-2 presents the total project level

production cost impacts in terms of schedule change from the baselines, as

well as total cost. The project level costs were calculated by adding the

costs of Systems Engineeeing and Integration and Project Management. At the

total project level the two-year advance of the IOC would result in a cost

reduction of about $7million.

OPERATIONS IMPACT

Methodolo_5,

Schedule impacts of operations costs were quantified based on variation in the

number of flights at an average cost perflight. (Reference Section 6.12 of this

book and volume.) The relative number of flights used in the calculations are

as follows:.

Number of Flights Total Cost

C_ 82 83 8& 85 866 87 8__8 8,0 90 91 Total at $.76/Flt.

Baseline 0 0 21 32 32 32 32 32 30 lh 225 $ 171. Million

Early IOC 19 32 32 32 32 32 32 32 31 25 299 $ 227. Million

Cost Sensitivity

From the calculations above, the two-year advance IOCwould have the

effect of increasing Operations cost by about $56 million ($227 million -

$171 million) from 7h additional flights (299 - 225).

, / /" ./,)



Sect ion 12

DOD ACQUISITION APPROACH (AFSCP 800-3)

12.3 COSTS FOR EACH PHASE

12.3.1 Assumptions_ Ground Rules and Rationale

i. The Tug Vehicle Definition (Program Option 2) is the same as that for the

NASA program.

2. The cost estimates and funding projections are predicated on the AFSCP 800-3

System Acquisition Cycle, with .project ATP occurring at the start of the Valida-
tion Phase

3. The Validation Phase costs include those for: Supporting Research and

Technology (SRET); Concept Validation - Refined Definition - Risk Reduction;

Part I (Performance) Specifications; Contract End Item Identification; Critical

Prototype Testing; Program Plans for the Full Scale Development (FSD) Phase;

DSARC Revlew - one month.

4. j The Full Scale Development (FSD) Phase costs include those for: System

Design; Test Article Fabrication; Development Testing; Production Phase Planning;

Part II Design Specifications; Category I (Subsystem) and Category II (System)

Tests; PDR - Preliminary Design Review; CDR - Concept Design Review; PCA (FACI) -

First Article Configuration Inspections refined Operations Planning; Flight

Software; Facilities; AGE/GSE; Auxiliary Stage Activation; DSARC Review - one
month.

5. The Production Phase costs assume that DOD procures the national fleet.

Production costs reflect the following reductions based on anticipated reductions

in change traffic due to full scale development phase accomplishments:

Structure = -5%; Avionics = -10%; Propulsion = -10%

6. The Deployment/Operations Phase costs assume the DOD top level operational

concept, and the following numbers of flights:

DOD

E_R 90

WTN 17_

Total 107

; ") .,,_y



NASA

ETR

WTR

Total

89

29

118

ETR Total 179

WTR Total 46

GrandTotal 225

7. The Operations Phase costs reflect an approximate 10% reduction in main-

tenance and refurbishment cost due to assumed/loweredrequirements for both

scheduled and unscheduled maintenance and refurbishment. The lower require-

ments, in turn, are assumed to result from FSD phase accomplishments, including

use of high reliability/long life components. The FSD Phase costs include one

flight article and two flight tests using this article. The vehicle is assumed

to be refurbished and added to the operational fleet.

8. The Production Phase costs include the following operational fleet size:

Fleet size:

Total Required 12

Less: Flight Test Hardware - 1

(Refurbished)

Net Procured ll

.L-

9. Funding of Production Phase costs assumes the DOD full funding policy.

i0.

flights (all at ETR) as follows:

DOD 7

NASA 7

Total lh

The FSDPhase costs include initial Operational Test and Evaluation (IOT&E)

Since all these flights are with payloads, their FSD costs have been accumulated

- ETR

in the following WBS accounts:

320-10 Launch Operations

320-11 Flight Operations

320-1h

- ETR

- NASA

Refurbishment and Maintenance

12-Z.



12.3.2 Costs

12.3.2.1 Met hodology

Using the above assumptions, ground rules and rationale, the LEADER II Cost

Model has been used to develop D0D cost estimates for the FSD, Production and

Deployment/Operations phases. Since resource limitations precluded reprogram-

ming of the cost model at this time, the following costs have been calculated

separately: D0D - Validation Phase; NASA - DDT&E Production and Operations

Phases.

12.3.2.2 Cost Summary

The following Table 12.3.2.2 summarizes the cost estimates by phase and by

agency.

12.3.2.3 Cost Details

The following pages present the LEADER II Cost Model printouts of detail cost

estimates for the D0D Full Scale Development Phase, Production Phase, and

Deployment/0perations Phase. Also included are the calculations for the DOD

Validation Phase costs and for NASA's 10T&E and Operations. Figures 12.3.2.3.1,

12.'3.2.3.2, 12.3.2.3.3, and 12.3.2.3.4.

12.h FUNDING DISTRIBUTION FOR EACH PHASE

Figures 12.4.1.1 and 12.4.1.2 present tabular and graphic projections of the

funding requirements for the DOD system acquisition cycle. Validation phase

funding approximates a Beta distribution (of the funding in 50% of the sche-

duled time). FSD phase funding approximates a Beta distribution, while

operations phase funding has been level loaded comensurate with the flight

schedule. In accordance with DOD full funding policy, the production phase

of the program is split into two buys of five (5) and six (6) Tugs.

Peak year funding occurs in GFY 1984 and totals $101.9 million, of which

$85.7 million is D0D funding and the remaining $16.2 million is for NASA.

12.5 COMPARISON OF DOD AND NASA RATIONALE FOR DIFFERENCES

Figure 12.5.1 is a summary comparison of the estimated costs by s_ency by

phase. This chart shows that costs for DOD's validation+ FSD phases are

$376.93 million, or $78.16 million more than those for NASA's DDT&E phase;

/2
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wh_ie DOD's production phase costs are $18_.73 million, or $29.56 le_ C?.&n

NASA's production costs and DOD's operations costs are $21,.53 million, or

$12.27 million less than NASA's operations costs. On a total program basis,

it is estimated that the DOD System Acquisition Cycle would result in a

$36.33 million cost increase. Althou_h DOD objectives of lower production

and operational costs were achieved, the net increase in total program cost

is attributable to an allocation of additional funding durinE the FSD phase

to maintain the engineering and production capability between flight test

article completion and FSD phase DSARC review.

The cost differences reflect the agency differences in objectives and ground

rules. The NASA's objective of "low DDT&E" results in lower DDT&E costs than

the DOD approach of verification sufficient to achieve DSARC approw_l to pro-

ceed from Validation Phase to FSD Phase, and from FSD Phase to the Production

Phase. In addition, the DOD Validation Phase costs include those for any

required supporti_ research and technology, which NASA budgets outside the

specific project funding. Howe_er, it is expected that the DOD approach would

result in decreased @hange traffic during Production and the lower DOD Pro-

duction costs reflect this. The lower DOD Operations costs reflect reduced

requirements for both scheduled and unscheduled maintenance and refurbishment.

In turn, the reduCed requirements are assumed to result from' FSD accomplishaents.

,v



13

SECTION 13

COST ESTIMATING METHODOLOGY

13.1 Overall Co.st Methodology

13.1.1 Summary

Existing, proven analytical tools in the hands of experienced

analysts have been utilized to achieve the study objective of

reliable, consistent, well-defined and documented "should cost"

estimates and funding projections within the constraints of

budget and schedule. The ability to effectively and reallstlc-

ally estimate costs and funding is dependent upon three major

factors: (I) completeness and comprehensiveness of definitions_

(2) the validity of an applicable data base7 and (3) the ability

to relate these two factors utilizing highly qualified estimators.

The LEADER II cost model has been used to relate the technical

and programmatic definitions, provided by other members of the

study team, to the Cost Data Base stored in the •cost model and to

generate cost estimates and funding analyses in accordance with

the NASA-approved WBS. The estimates effectively correlate tech-

nical performance, schedules and costs. As a rapid, multi-faceted,

techno-economic tool for estimating costs, funding and manpower,

LEADER II has been used to measure higher-level cost and funding

impacts of lower level alternatives. Its use contributes to the

credibility, consistency and traceability of the cost estimates.

It has been used to generate the cost and funding of Space Tug

Project's total llfe cycle and elements thereof based on CER's

(Cost Estimating Relationships), cost factors, or direct inputs

values.

/3-/



The CER's and cost factors, which constitute the LEADER II data .

base, have been developed over a seven-year period from data

quotes, and study values of function, physical, performance, sched-

ule and cost on a number of major programs. The basic data used

in the LEADER II data base were derived principally from Thor/

Delta, SIV/SIVB, Sky Lab, SOAR II, Gemini, MOL, Sortle/Lab,

Saturn/Apollo, and Titan. In addition, data speciflcally for the

Space Tug has been received from prospective suppliers-in response I

to formal Requests for Information. The cost model, as modified

to conform to the Space Tug WBS, encompasses 865 lines of data

(each for the basic equations and the Variable file) and a

cross reference matrix of 276 lines.

As depicted in Figure 13.1.1-I, development of the CER's began

with collecting and validating applicable physical, performance

and cost data and then normalizing the data to a common baseline.

The data were then classified within homogeneous groupings. Multi-

variable regression analysis and other statistlcal techniques were

used to identify these parameters which best predicted costs, and

to derive the equations, or CER's, which expressed the costs as

a function of technical/performance values. The CER's were tested

and validated before being incorporated into the cost model. Each

of the steps in CER development was documented to provide a trace-

able record from raw source data and rationale and methodology

used in the analyses, through CER development and validation.

_P

Having adequate and valid cost data is a primary requisite for the

development of reliable CER's. As an organizational element of
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the Fiscal Management Subdivision, the Advance Systems CostAnalysis

team uniquely has access to historical and proprietary data contained

in its departmental data bank. The Data Bank for many years has

actively collected, catalogued and stored pertinent techno-economic

and cost information obtained from industry, government agencies and

non-profit organizations. The Data Bank serves as a repository for

departmental and technical or performance data.

A description of the cost estimating technique for each WBS element,

as appropriate, is contained in Table 13.1.1-1

13.1.2 Assumptions, Ground Rules and Rationale

g

13.1.2.1 Cost estimates are in constant 1973 dollars.

13.1.2.2 Cost estimates have been developed in consonance with

the Government provided Space Tug Systems Studieswork Breakdown

Structure and Dictionary, PD-Tug-P, dated 7 May 1973, and with

clarlfications/amendments thereto appearing in the following

documents: (I) Data Package, Spage Tug Systems Studies, April

1973_ (2) Memorandum PD-Tug-P (020-74), dated 10 August 1973,

from PD-Tug-P/Mr. Stucker to PD-Tug-C/Mr. Orillion, subject:

Changes to the Work Breakdown Structure and Dictionary. Figure

13.1.2.2-I displays the WBS as amended.

13.1.2.3 Candidate concept costs have been estimated and are

reported at or below the WBS level shown in the Government provided

WBS Diagram and Dictionary. The costs have been estimated at the

same level of detail as the technical data, which generally has been
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I
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320-12-02 F'I.IG_T CONTROL

320-12-03 FLIGHT EVA&..
320-12-04 FLIGHT SUPT.

SOFTWARE

320-1_01 SCHED MAINT. i _?0-1_-01 _HEO. MAINT

REFURBI _NT & REFURBISH.

320-13-O2 UNSCHED. MAINT. 3,_'0-14-O_. UNSCHED. NAINT.

& REFURBI.T_'N_ENT & REFURB.

3,?.0-13-03 POST MAI.NT C/O _0-t4-03 POST MAINl" C/O
320-13,-04 TUG/PAYLOAD 320-14-04 TUG/PAYLOAD

IqATING & C/O NATING & C/O

3_)-13-05 REFURBISHNENT 320-14-05 REFURB|,_4.

REQMTS PLNG REQM'rs PLNG.

3L_}-I3-OG DEPOT MAINT. 320-14-OG DEPOT I_I_INT.

Figure 13.1.2.2-1. Space Tug Work Breakdown Structure
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one or more levels below that reported.

It

'4

13 oI. 2.4 The cost estimates are commensurate with the program

definitions available at this time, the relative level of study

effort, and with the understanding that the estimates are only

for preliminary planning and tradeoff study purposes.

13.1o2.5 F_nding estimates are reported by Government Fiscal

Year - I July through 30 June.

13.1.2.6 The cost estimates reflect recent employment levels

(calendar 1968-1972) and a 6 percent (compounded annually) inflation

factor to derive values in terms of 1973 dollars. The estimates

also reflect reduced Project Management, Systems Engineering and

Integration, and Manufacturing costs. (Referencel Results of

MDAC Special Cost Reduction Task.) Thus, the cost estimates

effectively assume that timely award of a Phase C/D Contractl (I)

would cause contractor employment to approach the 1968-1972 levelsl

and (2) that the Phase C/D effort would achieve effective manage-

ment at reduced cost.

13.1.2.7 The cost estimates assume that all required Supporting

Research and Technology (SRT), identified separately in Sections

2.6 and I0.w111 be available when neededo

The cost estimates and reporting are consistent with the followlng
L

Government Action Itemsz

Reference: PD-Tu@-P , 4 April 1973

13-f/



_° ACTION ITEMs
i i

WHAT IS THE LOWEST LEVEL OF COST REPORTING REOUIRED?

RESPONSEz
i

COST A)_ID TF_CHNICAI, DATA FOR DATA FORKS A(1), A(2), A(3)

AND B SHOULD BE REPORTED TO THE LOWEBT LEVEL SHOWN ON THE

APPROVED COMMON WBS.

[

e

COST AND MANPOWER DATA FOR DATA FORM C SHOULD BE REPORTED

AT WBS LEVEL 4 EXCEPT FOR THE FOLLOWING CATEGORIESs

VEHICLE MAZN STAGE, AUXILIARY STAGE, FACILITIES, GSE,

VEHICLE TEST, LAUNCH OPERATIONS AND REFURBISHMENT AND

INTEGRATION SHOULD BE REPORTED AT WBS LEVEL 5°

° ACTION ITEMt
i

WHAT IS THE SHUTTLE COST PER FLIGHT?

RESPONSE s

THE SHUTTLE COST PER FLIGHT IS $I0.5M FOR THE PURPOSES OF

THESE STUDIES°

0 ACTION ITEMs

COST OF EXISTING KICK STAGES?



RESPONSEz
,i

REQUESTS FOR THE COST OF EXISTING KICK STAGES SHOULD BE

MADE TO DICK KLAN, MSFC, 205-453-0462. ANY MODIFICATIONS

NECESSARY FOR TUG APPLICATION OR DEVELOPMENT OF NEW KICK

STAGES SHOULD BE ESTIMATED AND REPORTED BY THE CONTRACTO_.

I
9. ACTION ITEMs

[

_4HAT YEAR DOLLARS SHOULD COSTS BE REPORTED?

RESPONSE:

ALL COSTS SHOULD BE REPORTED IN CONSTANT 1973 DOLLARS.

10. ACTION ITEM:
| i.

HOW WILL COST BE HANDLED FOR LOSS OF MISSION/PAYLOAD

RESULTING FROM TUG RELIABILITY?

RESPONSE:

THE COST OF A "LOST" TUG SHOULD BE CONSIDERED IN SIZING THE

TUG FLEET. IN THE EVENT A MISSION IS ABORTED AND MUST BE

REFLOWN, THE COST OF A SECOND FLIGHT SHOULD BE INCLUDED.

COST OF THE PAYLOADS THEMSELVES SHOULD NOT BE CONSIDERED.



11. ACTION ITBMz
i

USE OF COST DATA FORMATS - NASA AND USAF PHASING°

RESPONSEs

THE DATA FORMS A(1), A(2), A(3), B AND T SHOULD BE, COMMON TO

BOTH NASA AND USAF. BECAUSE OF THE DIFFERENT PHASING, IT

MAY BE NECESSARY TO COMPLETE TWO SETS OF DATA FORM Cj ONE

TO REFLECT NASA PHASING AND ONE FOR THE USAF PHASING.

12. ACTION ITEMx

WHAT LEARNING CURVE SHOULD BE USED?

RESPONSE s

A LEARNING CURVE MAY BE USED TO ESTIMATE HARDWARE QUANTITY

COSTS. THE TYPE LEARNING CURVE USED (STRAIGHT-LINE PROJECTION

OF CUMULATIVE AVERAGE COSTS OR STRAIGHT-LINE PROJECTED UNIT

COSTS) SHOULD BE NOTED AND_THE PERCENT OF LEARNING SPECIFIED.



13. ACTION ITEMs

IfOW WILL THE POSSIBLE USE OF GOVERNMENT FACILITIES/PERSON_IEL

BE HANDLED?

RESPONSEs
i|

IN KEEPING WITH THE LOW COST PHILOSOPHY, USE OF EXISTING

GOVERNMENT FACILITIES SHOULD BE CONSIDERED WHERE PRACTICAL.

ANY MODIFICATIONS AND/OR NEW FACILITIES SHOULD BE IDENTIFIED

AND ESTIMATED.

IN THOSE INSTANCES WHERE THE USE OF GOVERNMENT PERSONNEL TO

PERFORM SPECIFIC FUNCTIONS AND/OR PORTIONS OF THE TUG PRO-

JECT IS CONSIDERED IN KEEPING WITH THE LOW COST PHILOSOPHY,

THESE SHOULD BE CLEARLY IDENTIFIED. .HOWEVER, THE CONTRACTORS

SHOULD ESTIMATE THE COST OF THOSE FUNCTIONS AND�OR ACTIVITIES

AND REPORT THAT COST AS IF A CONTRACTOR WERE TO ACCOMPLISH

THEM. THE GOVERNMENT WILL ESTIMATE THE POSSIBLE SAVINGS IF

ACCOMPLISHED BY GOVERNMENT PERSONNEL.

J



13. I. 2. $ As directed by the Government, Operations cost

estimates for ground tracking, i.e., MSFN/STADAN, include the

cost of personnel required for tracking the Tug, even though these

same people may track other space vehicles at other times.

For example, if the Tug requires these people for only four

hours, the Tug project is charged for a full eight hour day.

13.1.2.9 The cost estimates assume that DDTSE and Production

essentially would be accomplished at MDACJs Huntington Beach,

California, facilities.

0

_3.1.2.10 As directed by the Government, the cost estimates

assume that existing STE/GSE/PTE, etc., from previous programs

(e.g., SIVa) will be available for Space Tug at no cost except

for modification/upgrading costs which would be Tug peculiar

and would then be chargeable. The storage and maintenance

costs of existing facilities and GSE up to the time of Space

Tug use are not chargeable to the Tug Program.



J

13.1.2.1 1 The following main engine costs have been provided

by the Government and Incorporated in the cost estlmates:

Table 13.1.2.11-1

SPACE TUG MAIN ENGINE CANDIDATES

COSTS AND DEVELOPMENT TIMES

1973 DOLLARS IN MILLIONS

Mal. Engine -
I

Category I -RL.10_I)

Category IIA RL10(2)

Wlth Pumpe_ Idle

Without Pumped Idle

Category IIB RLI0 (I)

Category IV RLI0 (I)

Aerospike (I)

Advanced Space (1)

Total First Development Development

DDTSE Unit Time to Time to

cos___tt cos_ PFc (Mo,.) rrc (Mo..)

$ 13000 $0070 - 2g

57.00 0.80 36 66

50.00 0.80 36 _8

52.00 0.80 27 35

119.00 0.90 48 60

1/;0.00 1.10 q3 60

15_000 1.20 5q 66

Note z ( 1 )

(2)

Values provided by S. Saucier - NASA/MSFC to

C. Bonnet - MDAC-W, 5 June 1973 - Documented in

Record of Discussion.

Values provided by S. Saucier to C. Bonner,

2_ August 1973 - Documented in Record of

Discussion.

/ -17



13.1.2.12 The following vehicle auxiliary stage costs have been

provided by the Government and incorporated in the cost estimates:

Vehicle Auxiliary Stage
i: i

1973 Dollars in Millions

Recurring Recurring

Production Operations

Start-Up Unit Cost C0st/Flight

Burner II

Polaris A3, SecondStage -

Basic with Guidance

Poseidon, Second Stage -

Basic with Guidance

$ 8.00

+2.00

$1o.o

+2.70

$ .530

.270

+ .300

$ .355

+4.95

$ .1_0

j

IP

_3.1.2.13 The costs per pound of candidate propellants have

been provided by the Government to assure consistency in the

_g contractor trade studies. These costs have been incorporated

in the MDAC estimates.

PROPELLANT
i

Liquid Oxygen

Liquid Hydrogen

Nitrogen Tetroxlde

High Density Acid

Monomethyl Hydrazlr_

Unsymetrical Dimethyl

llydrazlne

cos,T $/PO .D

LOX .013

LH2 .50

N204 .12

HDA .30

MMH 2.75

UDMH

50S N2H_ and 50_ UDNH AEROZINE-50

Hydrazine N2Hq

.55

1.00

1.85

5



Q

J

Inhibited Red Fummlng

Nitric Acid IRFNA .30

13•1•2•Iq Based on its own sources, MDAC has estimated

the cost of gaseous helium at $7•86 per pound. The Government has

concurred in this value.

13.1.2.15 Launch operations cost estlaates have been calculated

using the followlng general ground rules and assumptionst

• That manloadlng per year, per shift, per site by skill

level are for direct and indirect personnel.

j

0

0

That launch site support services are equivalent to 2q_ of

personnel and are included in No• 1 above•

That launch site direct and indirect personnel will perform

GSE maintenance within their regular shift activities•

•

•

That home plant support is equivalent to 15_ of fleld

locatlon manhours (excluding Project Management and

System Engineering).

That the cost of field site personnel is based on mid 1973

hourly rates.

That the weighted averagecost of inplant support (for No.

above) is based on mid-1973 hourly rates•



• That Government Program/Project Management of launch oper-

ations is part of the Government's institutional base and

thus is excluded from Tug project costs• j

13•1•2.16 Flight Operations cost estimates have been calculated

using the followlng general ground rules and assumptions:

I •

J

That the attached manhours per flight include field site

direct and indirect personnel.

0 That home plant support is equivalent to 10_ of field site

manhour8. (Excluding Project Management and System Engin-

eering.)

_j

r

0

.

That the field site manhours reflect a 97_ learning curve.

That the weighted average cost of field site personnel is

based on mid-1973 hourly rates.

J

0 That the weighted average cost of Inplant support is

based on mid-1973 hourly rates•

w

. That "computer hours/flight" reflect sharing existing

computers with others, i.e., Shuttle Orbiter, Payloads•

• That the average cost of a computer hour/flight including

both machine and labor costs has been based on recent

quotations.

/'%-2



I

. That flight support and software (WBS 32A-114, 12q) is a

one time activity and its cost thus is part of DDT_E.

13.1.2.17 The cost estimates have been calculated to be total

cost to the Government excluding NASA Program Management and

Systems Support and Prime Contractor Fee on costs at System

Level _ and above, in accordance with NASA direction*

13.2 Description of Estimating Philosophy

The general equation form for CER's expressing recurring costs

i8 shown in Figure 13.2-I. In this equation form, Y-A_X_B(F)

the "A" value is the driver which generates the specific

first unit cost by moving from the Y-intercept along a line

(straight-line on a log-log plot) whose slope is expressed by

the exponent "B". If the cost 8o calculated fairly represents

an item whose design, method of fabrication, technology and

other attendant variables are virtually the same as the data

base from which the equation was derived, then the cost could

be accepted as calculated. However, this seldom is the case

and some means must be provided to adjust the calculated

cost to indeed reflect the characteristics of the item being

estimated. The "F" factor i8 included in the equation

to perform the adjustment function. Quantification of the

"F" factor is performed by the systems cost analyst and is

predicated uponz (I} his knowledge of the data base; (2)

his understanding of the item being estimated, achieved through

continuous communication with other members of the study team;

and (3) his professional expertise. Fortuitously, the systems

cost analysts on the Space Tug Study Team are among those •
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k

who build the CER building blocks for the LEADER cost model.

Thus, they have all three requlsitesfor quantification of

the "F" values. _

i

i

The methodology used for calculating DDT&E costs is summarized

in Figure 13.2-2. Three basic equation forms are used to relate

basic data to Space Tug values and generate DDTSE cost estimates

which realistically reflect the Space Tug values, The first

equation form is a "ratio to TI". As used for the Space Tug

WBS elements, this equation has meant that Engineering Design

and Development cost is "N" times the first unit production

cost. The second equation form, YmAIXlIB(F), is the same

as that used for first unit production cost and discussed

in the preceeding paragraph. The third equation form is a

specific dollar value which usually has been derlved from

quotations submitted byprospectlve suppliers of assemblies

and components. Similar to the practice for-first unit

production cost estimating, the "F" factor is quantified

by the systems cost analyst to reflect Space Tug values for

specific WBS elements in terms of design rating, technology

rating and schedule risk, which are defined in Figure 13.2-3.

Ground test hardware quantities and flight test hardware

quantitites have been established at the component, assembly,

subsystem and system levels as discussed in Section 2 of

this book. The estimated costs for ground test hardware

and flight test hardware are theresult of applying equivalent

quantity values to first unit production cost at the appro-

priate WBS levels.
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Whether

I t

the estimate is for DDT&E cost or recurrinq production

cost, quantification of the "F" value i_ the product of the cost

analyst's judqement of a number of influencing elements in

addition to those identified above. These additional elements

include: reliability, maintainability, safety, commonality,

workability/fabrication methods, DDT&E approach versus change

traffic, and knowldge of prospective suppliers' pricing

policies and cost performance - actuals versus estimates.

This latter knowledge has been paricularly useful in evaluatlng

the ROM quotations from propectlve suppliers in response to

Requests for Information on this study. Thus, the factors

applied to the suppliers quotes have varied to reflect
L

individual company performance, as well as the cost of sub-

contract management.

In accordance with NASA direction, the cost estimates represent

cost to the Government, except for NASA Program Management and

and System Support and Prime Contractor Fee on costs at System

Lovel 4 and above. Thus, the costs include those for the

main engine, which has been identified as GFE. Reference also

is made to Subsection 13.1.2, Assumptions, Ground Rules and

Rationale.

(

13.3 Related I[i_torical Programs

As noted above, the related historical programs, which

constitute the data base for the LEADER II cost model, include:

Saturn SIV/SIVB,_ Skylab, Space Station (modular), SOAR II,

Sortie Lab, Thor/Delta, Gemini, MOL, Saturn/Apollo, and Titan.



The data basealso incorporates the results of a number o_

J

Government-fun_ed and industry-funded studies, and the
¢

quotations submit.ted by prospective suppliers of assemblies/

components°

Table 13o3-I _ists0 the _BS elements whose costs have been

estimated uslng CEROs, Cost Factors, and Direct Estimates/

Other, throug_ Component Level 7°

y
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Section i_

OTHER SEBBITI_TIES AS DEFZHED

Table 1M-1 presents a sugary of the results of defined sensitivity analyses

performed on Program Option No. 2. Cost impacts shown on the sugary were

determined for each analysis from subsystem/assambly cost data and the LEADER II

Cost Model printout (contained in Section 6) as appropriate to specific trades

to be made. Detail discussions of the rationale and results of these sensitivity

analyses are presented in Volume 5, Book 2, Section 9.2.
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